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ABSTRACT 
     Forensically, burned and cremated remains are encountered on a fairly regular basis; owing 
their presence to both the relatively high fire death rate in the United States, and the continued 
(and mistaken) belief that human remains can be rendered unidentifiable or completely destroyed 
through burning.  In many cases it is necessary to recover and identify remains from residential 
fires, with the goal being to identify the deceased and to determine the sequence of events leading 
up to and during the fire. 
     This research addresses the very specific scenario of fire fatalities that involve bed-settings with 
regards to how (and if) they contribute to the enhanced destruction of a body and dispersal of 
skeletal remains during structural collapse.  In order to answer these questions, I first investigated 
the limited contribution of a mattress alone to the burning of a body.  By burning pig (Sus scrofa 
or Sus domestica) carcasses in a controlled environment, I determined that a mattress does not 
significantly damage the body to the point where identification would be hindered.  In order to 
address the issue of dispersal of skeletal remains in a realistic setting, a single-story house was 
burned with the cooperation of a local fire department.  Inside the home, five mattress settings 
were constructed, with the addition of three controls where the remains were placed directly on 
the floor.   The house was burned with limited interference, resulting in a fire lasting over ninety 
minutes and reaching temperatures in excess of 1800oF (980oC).  Using standard recovery 
techniques, 3,637 skeletal specimens were recovered, mapped, identified (if possible), and 
analyzed for change in color and fractures.  Once all remains were cataloged, comparisons were 
made between mattress and floor specimens, as well as in a room-by-room fashion, to determine 
the effects of fire exposure and boney distribution.  These comparisons demonstrated that remains 
placed on mattresses burn more completely, with a greater number of skeletal elements being 
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recovered showing advanced degradation.  They were also more widely distributed, especially in 
the areas that collapsed into an underlying space, such as a basement.  Remains placed on the floor 
tended to remain mostly intact, with boney exposure limited to the cranium, thorax, and limbs.  
While these observations may be limited to this specific fire scenario, these trends may aid 
investigators in their understanding of how mattresses can affect the fate of skeletal remains during 
a residential fire.    
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CHAPTER 1.  INTRODUCTION 
     Fire is an essential part of existence for all humankind.  It is necessary to heat homes, to prepare 
food, to generate lighting, and as a common method of waste disposal. It is also one of the leading 
causes of injury and property damage.  In fact, the United States has one of the highest per capita 
fire death rates among industrialized nations (NIJ, 2000).  In 2017, 2,630 civilians died and an 
additional 10,600 civilians were injured in home fires in the United States (Evarts, 2018).  Beyond 
the cost of human life, fires also caused nearly $23 billion in property damage in 2017, including 
$7.7 billion in residential properties (Evarts, 2018).  Fire is also a common method of concealment 
and disposal of human cadavers, making burned remains a relatively common problem in forensic 
anthropology (Fairgrieve, 2008).  Although the incidence of fire-related injuries and damage is 
declining, most deaths are in fact preventable and continue to be an important anthropological and 
investigative conundrum (CDC, 2007).    
     This study focuses on the relationship between mattress fires and human mortality.  Considering 
that mattress fires are responsible for 83% of fires started in the bedroom (FEMA, 2002), they play 
a critical role in the determination of fire origin and spread to the remainder of the home.  Should 
a person be in the vicinity of a mattress during ignition, it is likely that they will not survive (73% 
fatal) (FEMA, 2002).  With this in mind, mattress fires should be investigated in terms of how they 
affect the consumption of a human body, and how recovery efforts can be tailored to gathering the 
greatest amount of remains and information pertaining to the cause and manner of death.  
Understanding how a body is consumed is crucial to the identification and evaluation efforts made 
by forensic anthropologists, medical examiners, and fire investigators. 
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Hypotheses 
     It has been established that furniture, such as mattresses, act as a significant fuel source in 
residential fires due to their construction containing large amounts of combustible materials. These 
materials have the capacity to burn for long periods at high temperatures. Therefore, I postulate 
that during a fire scenario, a mattress will significantly enhance the destruction of a body when 
compared to those situated elsewhere (e.g. on the floor, not on a mattress or other furniture).  If 
true, an increased number of exposed skeletal elements demonstrating advanced color change 
(towards calcination) and an increased frequency of fractures in those burned elements is expected.  
According to the null hypothesis, remains found on or associated with a mattress will show no 
discernable differences compared to those on the floor. 
     As a mattress burns, the outer soft materials (e.g. cotton and foam) will be consumed while the 
metal frame and springs remain. If a fire is large enough to result in structural collapse, the 
remaining mattress elements would predictably fall to lower levels. Therefore, I also postulate the 
mattress itself will change how a body moves and how skeletal elements are dispersed as they and 
their surroundings are consumed by fire.  If true, a wider area of dispersal for remains on mattresses 
that fall a significant distance (e.g. one story or more or into a basement) when compared to those 
not on a mattress is expected.  It follows that there will be limited dispersal in areas where 
mattresses are fixed, although some skeletal elements are expected to move downward into and 
through the mattress springs.  According to the null hypothesis, remains found on or associated 
with a mattress will not be affected by their location or the movement of the mattress as it falls and 
will show no discernable differences compared to those on the floor. 
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Methods and Analysis 
     Using pigs (Sus scrofa or Sus domestica) as cadaver analogs for humans, the aforementioned 
hypotheses were evaluated in two experiments with the cooperation of local and state fire agencies. 
The first experiment investigated the contribution of a burning mattress alone to the destruction of 
a body.  Two burn-cells (controlled fire scenarios commonly employed by fire investigators) were 
constructed, each containing a pig laying on a mattress and a pig laying on the floor. The settings 
were ignited using a small amount of accelerant and allowed to burn until completely consumed. 
The pigs were then analyzed for degree of tissue damage and skeletal exposure. The second 
experiment investigated the dispersal of burned remains in a realistic setting. A single-story house, 
with an underlying basement and root cellar, was burned. Distributed throughout the first floor of 
the house were five mattresses, and on top each was a single pig carcass.  As a means of control, 
three additional pig carcasses were placed directly on the floor.  The house was burned with limited 
interference until completely consumed. Using standard recovery techniques, skeletal specimens 
were mapped, retrieved, identified (if possible), and analyzed for changes in color and fractures.  
Comparisons were then made between the mattress and floor specimens with regards to skeletal 
exposure, color change, presence of fractures, distance traveled and dispersal in areas of structural 
collapse.  
     By integrating information gathered from each experiment, it was possible to answer questions 
about how a mattress contributes to the burning of a body, the difference in the degree of burning 
between bodies on mattresses versus the floor, and the displacement of bodies during residential 
fires involving structural collapse. This information may be useful to forensic anthropologists, 
medical examiners, and fire investigators in terms of the recovery and analysis of human remains.  
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CHAPTER 2. LITERATURE REVIEW 
     In order to examine the experimental hypotheses, it was necessary to complete a review of fire 
characteristics and behavior, the incidence and cause of residential fires, mattress structure and 
fires, and established patterns of fire-related trauma.  
 
Fire Characteristics and Behavior  
     In order to investigate how fire behaves and causes damage, one must first understand how it 
occurs.  According to James and Nordby (2005), four elements are necessary for fire: fuel, heat, 
oxygen, and uninhibited chemical reactions.  These components 
are illustrated as a “fire tetrahedron” in Figure 1 (Solberg, 2018).  
When all four elements are present in sufficient quantities, 
combustion will occur.  Not only are these components necessary 
for ignition, they are also necessary for propagation.  If at any time 
one element becomes insufficient, the fire will be suppressed and 
potentially extinguished. 
     Once the aforementioned components are present, a fire will pass through several distinct stages 
of development (Redsicker, 1997).  It should be noted, however, that these stages are variable, thus 
making every fire event unique, unpredictable, and potentially dangerous.   
1. Incipient: The incipient phase, which may or may not be noticed, can last anywhere from a 
fraction of a second to several days, depending on the ignition and fuel sources.  In this stage, 
changes in temperature and atmosphere in the immediate vicinity of the fire are miniscule. 
Figure 1: Fire tetrahedron 
(Solberg, 2018) 
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2. Emergent smoldering: During emergent smoldering, combustion increases, although changes 
in temperature and atmosphere are minor.  Open flames may occur late in this stage, as the fire 
reaches 1000o F (538oC). 
3. Open burning and flashover: Open burning and flashover is characterized by an exponential 
increase in the rate and intensity of the fire.  For every 18oF (10oC) rise in temperature, the fire 
intensity doubles.  Smoke and heated gases are rapidly produced and typically rise to the 
ceiling.  The fire spreads to structures neighboring the point of origin, seeking additional fuel 
sources.  Atmospheric changes and heat production continue to occur.  When the room 
temperature reaches the ignition temperature of all exposed surfaces, a simultaneous ignition, 
called a “flashover,” occurs.   
4. Oxygen-dependent smoldering: If the location is airtight, oxygen is quickly depleted by the 
opening burning and resulting flashover.  Once oxygen levels drop below 15%, the flames will 
be extinguished.  However, smoldering can still occur, continuing to produce heat, smoke, and 
chemical vapors.  
5. Backdraft:  If the location is exposed to a fresh source of oxygen, for example the opening of 
a door or the collapse of a wall, open burning will resume at an explosive rate.  This explosion, 
called a “backdraft,” and is considered a serious threat to rescue and fire crews. 
 
Causes of Fire 
     Once a fire has been extinguished, it is up to the fire investigator to determine the cause of the 
blaze.  Through evidence collection, witness statements, and careful observation, the fire is placed 
into one of four categories: natural, accidental (unintentional and explainable), undetermined, or 
incendiary (intentional) (Redsicker, 1997).  Natural fires include wildfires and those ignited by 
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lightning strikes. Accidental fires are often caused by cooking accidents, children playing with 
matches and lighters, faulty electrical circuits, irresponsible smoking-material use, misuse of 
electrical devices (e.g. electric blankets, heating pads, space heaters), unsupervised candles, 
welding and construction activities, damaged gas lines and appliances, and improper use of 
outdoor grills and fire pits indoors (Redsicker, 1997).   
     Numerous motives have been proposed to explain arson, or the intentional setting of fires. 
Financial profit is a common motive, with examples being insurance fraud or the elimination of a 
competitor.  Other motives include revenge, vanity (“hero syndrome”), psychological compulsion 
(“pyromania”), concealment of a crime, terrorism, excitement and/or vandalism (French, 1979).  
Over 55% of arsonists are juveniles, whose actions typically stem from boredom or as an act of 
attention-seeking behavior (Redsicker, 1997).  In the context of forensic anthropology, fire is 
commonly associated with potential homicidal activities and attempts at evidence destruction.  For 
this reason, all fire scenes are considered crime scenes until determined otherwise (Fairgrieve, 
2008).   
 
Mattress Fires 
     According to the National Fire Protection Association (Evarts, 2018), in 2017 in the United 
States there were 1,319,500 fires reported and attended by public fire departments (down 2% from 
2016); 357,00 being residential fires.  As a result, there were 10,600 civilian injuries and 3,400 
fire deaths. Of the deaths, 2,630 (77%) occurred in the home. This equates to a person dying in a 
home fire every 3 hours and 20 minutes. According to FEMA (2018), most household fires begin 
as a result of cooking activities (50.3%) and heating malfunctions (9.6%).   
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     Between 2005 and 2009, fire departments responded to an average of 10,620 home fires per 
year that began with mattresses and associated bedding. These fires cause an average annual loss 
of 371 lives, 1,340 injuries, and $382 million in property damage (Evarts, 2011). As seen in Figure 
2, a majority of these fires are 
the result of careless handling of 
smoking materials. Other causes 
include individuals playing with 
open heat sources (e.g. lighters, 
matches), candles, electrical 
malfunctions, arson, and heating 
elements, such as space heaters 
and grills (Evarts, 2011; FEMA, 
2002).  For instance, in northern 
states it is not uncommon for 
people to bring grills and other open heating elements into the home during the winter for heating 
purposes.  The use of these materials typically results in death via carbon monoxide poisoning, 
although occasionally the flammable materials will ignite surrounding structures, causing a larger 
fire situation (CDC, 2007). 
     When reviewing the civilian deaths associated with mattress and bedding fires in the same 
period (Figure 3), children under the age of five are at greatest risk from fires started by heat 
sources, such as lighters, matches and candles, while adults over the age of 55 are at greatest risk 
from fires started by smoking materials (Evarts, 2011).  
 
Figure 2: Major causes of home structure fires that began 
with mattresses and bedding (Evarts, 2011) 
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Figure 3: Relative risk of home mattress and bedding fire death by age group and smoking 
materials vs. heat sources, 2005-2009 (Evarts, 2011) 
 
 
     These deaths correlate to the age groups most likely to begin the fire. For instance, between 
2007 and 2011, a majority of residential fires caused by “fire play,” or those started by lighters, 
matches, and candles, are started by children under the age of six – the same group most likely to 
die as a result (Figure 4). Of those fires, a majority occurred in the bedroom (39%), and began with 
the ignition of a mattress or bedding (23%) (Figure 5) (Campbell, 2014).  Conversely, residential 
fires caused by smoking materials, such as cigarettes, cigars, and pipes, are started by adults over 
the age of 18 (Hall, 2013). While the distribution of smokers is fairly consistent between the ages 
of 18 to 64, death rates rise with increasing age, particularly after the age 55 (Hall, 2013). A 
majority (40%) of those fires resulting in death started in a bedroom, with mattresses and bedding 
being the point of origin in most (52%) (Hall, 2013). It was found that sleeping is the primary 
factor contributing to ignitions resulting in death (31%), followed by possible drug or alcohol 
impairment (18%), physical disability (18%), and age (10%) (Hall, 2013).  
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Figure 4: Fire cause by children playing by age, 2007-2011 (Campbell, 2014) 
 
Figure 5: Leading items first ignited in home structure fires and deaths in fires involving 
play, 2007-2011 (Campbell, 2014) 
 
      As mentioned before, death as a result of mattress fires is commonly associated with the person 
being asleep at the time of ignition (31%) (Hall, 2013).  While it is not precisely known how long 
it takes a sleeping person to awaken, in 36% of these cases the victim makes attempts to escape, 
and is therefore found on the floor or elsewhere in the house, rather than in bed (Hall, 2013).  Most 
often, those that fail to escape successfully are overcome by toxic fumes and superheated smoke 
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before rescue attempts could be successfully executed (FEMA, 2002).   Persons found still in bed 
are assumed to have had diminished reaction times (as a result of sleep, alcohol or drug 
intoxication), some form of physical or mental disability requiring another person’s assistance for 
movement (including infants and the elderly), or were deceased prior to the fire’s ignition (CPSC, 
2004).  
     In terms of residential mattress fires, a vast majority (83%) occur in the bedroom (FEMA, 
2002).  The remainder begin in other household areas such as lounges, kitchens, crawl spaces and 
garages.  These areas are commonly used as “storage facilities” for mattresses when they are no 
longer being used (FEMA, 2002).  A large number of mattresses distributed throughout a house 
may also be linked to large families, multi-generational families, multiple families, or groups of 
unrelated people (e.g. college students, migrant workers, vagrants) sharing a small living space.  
This may be especially evident in areas where housing is limited, or where a large number of 
people have migrated to a particular area.  According to the United States Census Bureau (2018), 
a household is considered “crowded” when the occupancy rating is greater than one person per 
room, and “severely crowded” when the occupancy is greater than 1.5 persons per room. Based on 
the 2000 census data (see Appendix), the states with the highest rates of home crowding include 
California, Hawaii, Texas, the District of Columbia, Arizona, Alaska, Nevada, and New York 
(United States Census Bureau, 2018).  
     Although the number of crowded households is relatively low nationwide, this does not 
diminish the increased risk to both occupants and firefighters in the case of a fire emergency.  The 
increased number of individuals, along with their personal effects and associated furniture, creates 
a greater fire hazard than a traditional household where occupancy is less than or equal to one 
person per room.  This is especially important when considering how crowded households make 
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sleeping arrangements for numerous occupants.  Should mattresses be placed in locations other 
than bedrooms, this increases the destructive fuel source available during a fire, greatly limits the 
ability of occupants and firefighters to maneuver (exit or enter), and significantly complicates 
recovery and reconstruction efforts by arson investigators, forensic anthropologists, and medical 
examiners in the case of fatalities and severely cremated remains.   
     With this in mind, one must consider the fact that mattresses are considered one of the largest 
fuel sources in the home, in regards to size and weight.  Common components of a standard steel 
spring mattress include ticking (decorative outer material with a thin layer of padding), quilting, 
topper pads, and steel coil springs. Other types of mattresses include pocket-spring (where the steel 
coil springs are individually wrapped in fabric), memory foam, latex foam, hybrid (which contain 
a combination of springs and foam padding), gel-cushion, air-beds and water-beds. In a typical 
bedroom set (except air and water beds), a mattress is seated on top of a foundation, also known 
as a box-spring, which is composed of a wooden base or frame, steel supports (optional), and an 
additional layer of ticking on most sides (Figure 6) (Ohlemiller & Gann, 2003).   
     Although these materials together form a substantial source of flammable material in a small 
area, they are typically not the elements that initially catch fire.  Ignition most commonly occurs 
in the associated bedclothes (mattress pads, sheets, blankets, and/or pillows) or clothing worn by 
the individual(s) occupying the bed.  These materials act as a conduit by which the flames spread 
across the surface of the mattress and to nearby structures (e.g. carpeting, furniture) (Ohlemiller & 
Gann, 2003; CPSC, 2004).  As mentioned earlier, mattress fires typically result from careless 
handling of smoking materials or access to open flames (e.g. lighters, matches, candles). Within a 
few minutes of ignition an entire mattress can be fully involved, with flames exceeding four to five 
feet above the surface.  After five to ten minutes, with the amount of heat and energy produced, 
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the fire can potentially generate enough heat and energy that flashover regularly occurs and the 
surrounding air becomes too hot to breathe, making survival and rescue nearly impossible 
(Ohlemiller & Gann, 2002).  In cases where multiple mattresses are present and in unusual 
locations, this process of fire propagation significantly increases the risk to occupants and 
firefighters alike.  It also makes successful rescues of all occupants and identification of victims 
difficult. 
 
Figure 6: Cross-sectional view of mattress and foundation structures (not to fixed scale) 
(Ohlemiller & Gann, 2003) 
 
 
     In an attempt to prevent mattress and furniture fires, and to curb their lethality, the United States 
Consumer Product Safety Commission (CPSC) enacted the Federal Mattress Flammability 
Standard, Title 16 CFR 1632, in 1973 (CPSC, 2007).  This mandate requires mattresses be 
constructed of smolder-resistant materials, effectively decreasing the opportunity for a majority of 
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fires to begin.  Despite the legislation, increased public awareness and prevention efforts, 
mattresses continued to be involved in a large number of residential fires and civilian fatalities 
(FEMA, 2002).  In an attempt to further reduce the risk, the CPSC approved a new federal 
flammability standard in 2006, and began enforcing the measure in July 2007 (CPSC, 2007).  This 
new standard addressed fast-flaming fires started by an open flame, such as a candle or lighter, 
rather than the smoldering cigarette standard enacted three decades earlier.  It is now federally 
mandated that all mattresses be treated with flame-retardant chemicals.  Although there was much 
debate as to the efficacy, health-implications, and additional cost of the chemicals applied, the 
CPSC approved the new standard and began enforcement soon after.  In doing so, the Commission 
believes that as many as 270 lives will be saved each year, preventing nearly 80% of deaths 
associated with mattress fires (CPSC, 2007).   
     Other product changes that may have a significant impact on the frequency and potential for 
mattress fires include the 1998 cigarette lighter standard (requiring lighters have additional safety 
mechanisms making them child-proof), changes to the composition and chemical treatment of 
mattress pads and bedding that make them increasingly fire resistant, and the requirement that all 
cigarettes sold in the United States be “low-ignition or fire-safe,” meaning they meet the Standard 
for Ignition Strength, ASTM E2187-04 (CPSC, 2004; Hall, 2013; Barillo, 2000).  These cigarettes 
are designed to self-extinguish when left unattended, reducing their burning time and propensity 
for igniting materials such as bedding. According to Hall (2013), these cigarettes appear to be the 
principal reason for a 30% reduction in smoking-material fire deaths between 2003 and 2011.  
     A change in smoking habits has also contributed to the decline in mattress fires and fatalities.  
There has been a decline in the number of adults who smoke, as well as the number of cigarettes 
smoked per year. From 2000 to 2011, the percentage of adults that smoked in the past month has 
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declined from 26% to 24%, and those that consider themselves smokers has declined to 19% (Hall, 
2013). Recent campaigns from the United States Fire Administration and the National Fire 
Protection Association (NFPA) have been aimed at educating smokers about the associated health 
risks, as well as proper disposal methods for ashes and butts (Hall, 2013; NFPA, 2018). 
     Other public safety campaigns have focused on increasing the installation and maintenance of 
smoke alarms, sprinkler systems, carbon monoxide detectors, and fire extinguishers in homes, as 
well as encouraging families to develop escape plans in the event of a fire (NFPA, 2018).  
 
Fire-Related Trauma 
     Occupants of a burning structure, if unable to exit in a timely manner, will often succumb to 
smoke and poisonous vapors being released by the deteriorating surroundings.  Inhalation of super-
heated air, smoke, and toxic fumes results in nearly three-quarters of all fire related deaths (Spitz, 
1993).   Minor concentrations of carbon monoxide and cyanide gas can cause disorientation, 
interfering with the ability of an individual to escape. Therefore, thermal trauma and extensive 
mutilation of the body largely occurs after death and before the fire can be controlled (Spitz, 1993).   
     Once a body has been exposed to direct flame, thermal injuries will begin to appear.  These 
injuries vary depending on the level and duration of exposure.  Extensive destruction, of the body 
and potential associated evidence, can often be attributed to the “wicking” effect, where clothing 
and the body’s own tissues (specifically fat) breakdown and become an additional source of fuel. 
Tissue destruction always begins with the most superficial layers and proceeds inward to the 
deeper tissues, resulting in a sequential degradation and development of identifiable burn patterns 
(Fairgrieve, 2008).  Burns are classified based on the level of tissue damage, and are categorized 
based on “degree of injury,” as seen Table 1 (Geberth, 2006). 
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Table 1: Burn classification system (Geberth, 2006) 
Degree Description 
First Superficial burn of the epidermis resulting in redness and subsequent peeling. 
Second Superficial to deep burns of the epidermis and dermis that are moist, red and blistered. 
Third Deep burns with destruction and charring of the epidermis and dermis. 
Fourth Extremely deep burns extending beyond the dermis to the muscles and boney tissues beneath.  Tissues are incinerated. 
Fifth Cremation of body and boney tissues.  Fragmentation and breakage are severe. 
 
     Burns sustained by living tissues will typically exhibit a reddened and swollen appearance as 
part of the natural reaction to the damage being sustained.  It can be recognized that tissues 
sustaining burn damage postmortem will not exhibit these characteristics, and may even be 
hardened and yellowish in appearance (Spitz, 1993).   
     Chances of survival depend on the severity and extent of the thermal injuries experienced by 
the individual.  In adults, injuries over 40% of the body are considered life threatening, whereas in 
children it is a mere 20% (Spitz, 1993).  These ranges are determined using the “Rule of Nines,” 
where the body is divided into regions illustrated in Figure 7 (Dibildox et al, 2012). These regions 
vary depending on the age and size of the individual.  
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Figure 7: Rule of Nines (Dibildox et al, 2012) 
 
     If a body has been subjected to significant burning for a long duration, a large amount of the 
tissues will be incinerated, leaving only bone behind.  Once the head and hands have been rendered 
to fragmented bone, the identification of the victim and evidence of trauma may still be possible 
by a forensic anthropologist (Mayne-Correia, 1997; Fairgrieve, 2008).  However, there are several 
“injuries” that can be noted on a fire victim that are caused by exposure to extreme heat and may 
be confused with signs of antemortem trauma.  For instance, as the body is exposed to flames and 
extreme temperatures, the skin and underlying tissues will dry, or desiccate.  This will result in 
fissure formation, known as “heat rupture,” and may resemble sharp force trauma (Spitz, 1993; 
Fairgrieve, 2008). These fissures can be differentiated from incised wounds in that they will only 
run parallel to the underlying muscle fibers, will have an irregular margin, and will show no 
evidence of bleeding, bruising, or vital reaction; incised wounds may be in any direction, typically 
have a smooth margin, and will show evidence of reaction (Spitz, 1993).  Fractures will also occur 
in the skeletal tissues and may appear similar to blunt force injuries.  Upon close examination these 
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fractures will appear in unique formations (described in 
subsequent paragraphs), and suspected antemortem 
trauma can be eliminated.  Other changes to the human 
body caused by burning include the expansion of fluids 
within the body tissues, resulting in the protrusion of the 
tongue, as seen in Figure 8, as well as the potential 
eruption of the intestines through the abdominal wall 
(Redsicker, 1997). 
     Common changes in bone structure include warping, cracking, flaking and fracturing (Spitz, 
1993).  As the muscles, ligaments and tendons contract in the limbs, they may do so with enough 
force to break their associated bones (Geberth, 2006).  Other fractures occurring in bone, not 
associated with muscle changes, are a result of water expansion and loss.  Therefore, fluid content 
of the bone prior to burning is the major determinant of fracture pattern (Klepinger, 2006).  
Common patterns include curvilinear (curved transverse), transverse (straight transverse), oblique 
ring (seen around the diaphysis), patina, longitudinal, and delamination (peeling or flaking) 
(Fairgrieve, 2008).   
     Of particular forensic interest is the belief that upon exposure to extreme temperatures, the skull 
explodes as a result of the thinning cranial bones and intracranial fluid expansion within the cranial 
vault (Bass, 1984; Bohnhert et al, 1998).  Numerous studies have shown, under controlled 
crematorium conditions, that the skull does not really explode, but rather the force of fluid 
expansion and the weakened state of the cranial bones results in the separation of the coronal and 
sagittal sutures. Once open, brain matter and fluids will spill out, and the pressure release further 
destabilizes the overall cranium.  However, other researchers have contradicted the “exploding 
 Figure 8: Swelling (Redsicker, 1997) 
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skull” scenario under more realistic conditions.  In their studies the collapse of the cranium was 
not due to increased intracranial pressure, rather it is a result of collapsing debris, recovery 
methods, and other external forces acting upon the body (Figure 9) (Pope & Smith, 2004). 
 
Figure 9: Sequence of cranial destruction (Pope & Smith, 2004) 
 
     If the victim was alive and breathing as the fire began, typically there will be a edema (cellular 
and tissue swelling), burning, and the presence of soot in the mouth and airways.  If no such 
evidence is noted, it could be assumed the victim was already deceased before the fire began.  This 
can be confirmed by testing carbon monoxide levels in the victim’s blood to determine their 
respiratory exposure (Geberth, 2006).  
     Heat will also cause contraction of the major muscle groups, resulting in flexion of the limbs 
into the characteristic “pugilistic pose,” shown in Figure 10 (Geberth, 2006).  Appearing in a 
boxer’s stance, the arms and legs will be drawn to the torso and the trunk will hyperextend.  The 
neck will also be hyperextended and the masticatory muscles will contract, closing the mouth and 
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clenching the teeth (unless the tongue was already protruding). The 
hands will curl and clench, and may actually preserve the fingertips 
making them potentially useful in later identification attempts. The 
feet will plantarflex, and the toes will curl.  Overall the body will 
be rigid, not as a result of rigor mortis, but as a result of muscle 
protein denaturation and subsequent cooling.  If the body is burned 
while in rigor mortis, or if it has already passed through the stage 
prior to the fire, this pose will not be evident (Spitz, 1993; 
Dirkmaat, 2002; Fairgrieve, 2008).   
     Other changes that may occur due to heat exposure include a change in hair color (blondes may 
turn brunette, brunettes may turn red), and there will be a significant change in body proportions.  
Body length (height) may decrease or shorten, and the remains will experience significant weight 
loss (Spitz, 1993).  
     At the point where the soft tissues are significantly degraded or absent, the skeletal remains 
enter a state of calcination.  During cremation, the body may lose up to 60% of its weight due to 
dehydration and injury (Heglar, 1984; Geberth, 2006).   Shrinkage is greatest in areas composed 
primarily of compact (cortical) bone, while areas with spongy (trabecular) bone are less affected. 
Changes in composition and size follow a predictable pattern depending on the temperatures 
reached during the fire.  At temperatures less than 800oF (427oC) there is minimal shrinkage, 
approximately 1-2%; while temperatures greater than 800oF (427oC) can cause shrinkage of 10-
15%, with recorded loss up to 25% (Mayne-Correia, 1997).  Although heat exposure is important 
to the amount of size reduction seen in bone, temperature is not the sole factor in the totality of 
changes seen.  The distribution of bone type (compact and spongy) and mineral content of the bone 
 Figure 10: Pugilistic pose 
(Geberth, 2006) 
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can be important to how and what degree the bone decreases in size.  Even the sex of the individual 
has been noted to influence how bone shrinks; it has been noted that males have higher bone 
mineral content, and therefore will demonstrate a greater degree of shrinkage when compared to 
females (Mayne-Correia, 1997). 
     The process of cremation is a mixture of dehydration and oxidation of organic compounds in 
the body, nearly 30% of which is from the skeleton.  At high temperatures, near-complete 
destruction of remains can occur in approximately one to one-and-a-half hours.  Changes in 
environment, oxygen access, or fire process may affect this timing, and cremation may take up to 
four hours to be complete.  At the end of the process, a recognizable skeleton will remain.  It will 
be extremely fragile, as the spongy bone and protective structures typically will be incinerated.  
All that typically remains is compact bone.  If a body is burned long enough, the bones themselves 
may completely reduce to ash (Cox, 2000).  Many believe a body can be completely consumed by 
fire, and some attempt to use it as a forensic countermeasure. However, it as has been repeatedly 
shown through experimentation and forensic investigations to be impossible.  While larger, 
recognizable elements may be destroyed, small fragments and durable elements may remain – 
providing evidence for the presence of a potential victim (Bass, 1984). 
     When exposed to fire, the body burns in a predictable fashion such that the limbs and superficial 
structures will be affected first (Dirkmaat, 2002; Fairgrieve, 2008).  However, the body will not 
necessarily burn evenly, and may result in differential degradation.  After the overlying muscle is 
eliminated, the body fats and tissues will act as a source of fuel, further propagating the body’s 
destruction.  Once tissue destruction is complete, the periosteum is easily charred and typically 
flakes off of the bone surface.  At this point there is direct exposure of the bone to the fire, and the 
cremation process begins, as illustrated in Figure 11 (Pope, 2018).  The bones closest to the surface 
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of the body are typically the first exposed, including the elbows, knees, acromion process of the 
scapula, neurocranium, chin, nose, and bones of the hands and feet, with exposure continuing 
proximally in the direction of the torso, as illustrated in Figures 12 and 13 (Pope, 2018).  The last 
bones exposed to the fire will be in the trunk, because of their close association with large amounts 
of soft tissue (Richards, 1977; Bohnhert et al, 1998; Fairgrieve, 2008).  Therefore, the bones most 
often recovered, and anthropologically important, will be the larger bones of the body – the os 
coxae (pelvic bones) and femora.  The bones least often recovered include the phalanges and 
mandible (Dirkmaat, 2002).  Table 2 provides a comparison of past studies summarizing this 
sequence of events. 
 
 
Figure 11: Cremation sequence (Pope, 2018) 
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Figure 13: Burn sequence (Pope, 2018) 
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Bohnhert et al., 1998 
1238-1490oF (670-810oC) 
Skull 
8-10  Skull-cap free of soft tissue, soft tissue of the face charred 
13-16 Bones of the face showing  
20 Skull showing Sparse soft tissue remains in the face, heat fractures of the skull-cap 
30  Tabula externa of the calvaria crumbling 
40  Brain showing, bones of the face begin to disintegrate 
50  Bones of the face largely destroyed, base of skull showing 
Thorax & 
Abdomen 
20 Ribs showing Thorax muscles charred, ribs and sternum showing 
30  Thoracic and abdominal cavities exposed, organs blackened and shrunken 
40  Shrunken, charred organs with bumpy surface 
50  Organs largely consumed by fire 
Arms 
10 Arms badly charred Pugilistic attitude (pose) 
15 Arm bones showing  
20  Hands are largely destroyed, ulna and radius partially showing 
30  Hands and distal forearms burned away 
40  Forearms completely consumed, upper arms largely free of soft tissue 
50  Arms burned away 
Legs 
14 Legs badly charred  
20  Carbonization of muscles 
25 Shin bones showing  
30  Tibia and distal femur free from soft tissue 
35 Thighs and shins  completely bone  
50  Calcined stumps of the thighs 
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     The degree of cremation is an important factor in several aspects of remains evaluation, 
especially identification.  That being said, there are several systems of categorizing the degree of 
fire-induced change that have been published, including the Crow-Glassman Scale (1996) and a 
system proposed by Dirkmaat (2002). These systems are summarized in Table 3. 
 
Table 3: Cremation state classification systems (Crow & Glassman, 1996; Dirkmaat, 2002) 
3A: Crow-Glassman Scale, 1996 
CGS Level Description 
Level 1 Blistering of the epidermis, singeing of the head and facial hair (typical smoke death; body still recognizable) 
Level 2 Exhibits various degrees of charring; possible absence of elements of the hands, feet, genitalia, and ears; may be recognizable 
Level 3 Major portions of the arms and legs missing; head is present, but no longer recognizable 
Level 4 Extensive burn damage; skull is fragmented and/or absent; some portions of limbs may be articulated to the charred body 
Level 5 Body has been cremated, and little or no tissue is present; remains highly fragmentary, scattered and incomplete 
 
3B: Dirkmaat, 2002 
Cremation State Description 
Unburned tissue No thermal trauma 
Charred Minor thermal trauma, skin is blackened with potential splitting 
Partially cremated 
– Level 1 Internal organs present and some of the limbs 
Partially cremated 
– Level 2 Internal organs present and calcined limb fragments 
Partially cremated 
– Level 3 Internal organs present, but mostly calcined skeletal tissue 
Incompletely 
cremated Calcined skeletal tissue 
Completely 
cremated Only ashes remain 
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     Burned bone has been studied extensively, yielding large amounts of information regarding 
macroscopic and microscopic changes that occur.  Microscopically, the mineral components of the 
bone will undergo changes dependent on the temperatures experienced during the fire, and are 
summarized in Table 4 (Mayne-Correia, 1997; Thompson, 2004).  Seventy percent of bone is 
comprised of hydroxyapatite (HAP), a calcium phosphate.  As the crystalline structures of the 
compound are exposed to high temperatures, they begin to break down and fuse into larger crystals.  
The size of crystals and degree of fusion can give investigators clues as to the temperatures reached 
during the fire (Cox, 2000). 
 
Table 4: Histological changes in bone based on temperatures of exposure  
(Mayne-Correia, 1997; Thompson 2004) 
Stage Histological Changes Temperature Range (oC) 
Dehydration Water removal; fracture patterns 100 – 600 
Decomposition Removal of organic compounds; color change; changes in porosity and reduction in strength 500 – 800 
Inversion Removal of carbonates; increased crystal size; Conversion of HAP à tricalcium phosphate 700 – 1,000 
Fusion Melting of crystals; reduction in size;  increase in strength 1,600 and higher 
 
     On the macroscopic level, the bone will be dehydrated, smaller in size (due to shrinkage), 
fractured, and a multitude of colors (Mayne-Correia, 1997; Fairgrieve, 2008).  It has been 
repeatedly demonstrated that burned bone follows a predictable series of color changes depending 
on the temperatures reached by the fire, duration of exposure to the flames, availability of oxygen, 
organic and inorganic compounds present, and the insulating effect of muscle mass (Mayne-
Correia, 1997; Dirkmaat, 2002).  This spectrum of colors, illustrated in Figure 14, is as follows: 
yellowish-brown à darker yellow or brown à black (fats burn away and organic substances are 
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carbonized) à dark gray à light gray à white or calcined (Mayne-Correia, 1997; Fairgrieve, 
2008; Walker et al, 2008).  Other colors, such as pink, green, and yellow, have been noted and are 
commonly associated with organic and inorganic compounds in direct contact with the body as it 
is consumed (Mayne-Correia, 1997).  These colors have been shown to correspond to histological 
changes seen with increasing temperature, also illustrated in Figure 14 (Marques et al, 2018).   
 
 
Figure 14: Schematic representation of the stages of bone combustion (Marques et al, 2018) 
 
     As noted earlier, fracturing is an important destructive factor that will influence the recovery, 
reconstruction, and identification of human remains.  Numerous investigations have focused on 
heat-induced fractures, including patterns, tissue association (fleshed, defleshed, or dry), and their 
relation to fire exposure and temperatures.  It has been shown that spongy bone will retain is shape, 
although shrinkage is significant, whereas compact bone tends to shatter into smaller pieces.  
Crowns of exposed teeth will become dehydrated and brittle, while the roots and any unerupted 
teeth will be protected by the surrounding alveolar bone.  Exposure to heat may mimic trauma 
(pseudo-pathology), or may obscure actual trauma and pathology present before the blaze 
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(Fairgrieve, 2008).  Yet with the abundance of information available, it has yet to be shown that 
fractures are useful in determining the condition of the bone prior to cremation or in the process 
of identification (Mayne-Correia, 1997).  At this time, it seems the only benefit of identifying and 
reconstructing heat-induced fractures is to ensure that they are not a result of any other trauma and 
to assist in the determination of the number of individuals present (MNI) (Fairgrieve, 2008).   
     Fire is a highly destructive element.  It has the ability to not only destroy evidence, but to take 
away an individual’s identity by rendering them nearly unrecognizable.  It is the duty of fire 
investigators, medical examiners, and forensic anthropologists to effectively collect and interpret 
what remains after a blaze in order to restore an individual’s identity, and interpret their last 
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CHAPTER 3. METHODOLOGY 
     Two experiments were designed in order to possibly answer the research questions of how a 
mattress contributes to the burning of a body, the difference in the degree of burning between 
bodies on mattresses versus the floor, and the displacement of bodies during residential fires 
involving structural collapse.  
 
Subjects 
     It was necessary to find a suitable animal model for use in the following experiments.  Although 
human remains would be ideal, cost, access and ethical issues make their use at this time 
logistically impossible.  Therefore, researchers in the fields of forensic anthropology and 
biomedicine have turned to the domestic pig (Sus scrofa or Sus domestica) as an animal model.  It 
has been shown that while pigs are highly variable between breeds, when compared to humans 
they share a number of unique anatomical features and physiological processes that make them a 
very useful analog.  These traits include overall body size, omnivorous diet, diurnality, and 
analogous body systems that include the cardiovascular, digestive, renal, immune, endocrine, 
respiratory, neurological, musculoskeletal and integument (Hsu, 1982; Stanton & Mersmann, 
1986; Tumbleson & Schook, 1996; Bollen et al, 2000).  Over the past three decades there have 
been, and continue to be, numerous investigations into the biomedical applications of swine in 
research areas such as xenotransplantation, cardiovascular disease (particularly atherosclerosis and 
hypertension), thermal injuries, kidney disease, obesity, surgical technique, anesthesia, 
osteoporosis, alcoholism, diabetes, digestive disease, cancer, and immunological diseases (Pond 
& Houpt, 1978; Hsu, 1982; Stanton & Mersmann, 1986; Tumbleson & Schook, 1996; USDA, 
2000).  Domestic pigs are also routinely used in forensic studies where human remains are 
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inaccessible or too costly. This includes studies of entomology and decomposition, traumatic 
injuries, thermal injuries, and cremation (Dunlop, 1978; DeHaan & Nurbakhsh, 2001; Fairgrieve, 
2008).  
     Of particular forensic interest to this study are the similarities, and/or differences, between the 
musculoskeletal systems of humans and swine.  While the skeletal elements of pigs tend to be 
smaller in size than an average human, especially the appendicular elements, their overall structure 
and features are comparable.  The bones themselves have considerably thicker cortical bone, 
consistent with a “rapidly growing animal of short stature” (USDA, 2000).  The epiphyseal plates 
of most long bones close between the ages of three to four years; therefore, most animals reaching 
market (or research projects) have yet to reach full skeletal maturity as marked by complete closure 
of the plates.  The muscular configuration of the pig tends toward being very large, as most breeds 
are used as a source of food, and reflects their quadrupedal mode of locomotion.  It is because of 
these differences in the musculoskeletal system that swine are not often used as models in 
biomedical research of locomotion.  They have recently been used in studies of boney diseases, 
such as osteoporosis, and for the development of bone grafts and healing methods (USDA, 2000).   
     Another point of interest is the integument system.  Like humans, pigs are relatively hairless, 
with skin that is tightly affixed to underlying tissues.  While the skin tends toward being thicker 
and less vascular, the overall structure of the epidermis, dermis, and subcutaneous blood supply is 
very similar to that of humans.  Aside from a lack of apocrine sweat glands, the dermal layer of 
skin is nearly identical and overlays a layer of subcutaneous fat, used for energy storage, protection 
and heat regulation.  With these features in mind, it is not surprising that pigs have commonly been 
used in studies of wound healing, plastic surgery, percutaneous absorption, and burn research (Hsu, 
1982; Bollen et al, 2000; USDA, 2000). 
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     Beyond physical similarities, domestic swine and humans share behavioral patterns as well, 
including a relatively sedentary lifestyle, resulting in a propensity for obesity and cardiovascular 
disease.  It has been found that pigs have a comparable ratio of body surface area to body weight, 
and also share a propensity to store excess calories in the form of subcutaneous fat (Pond & Houpt, 
1978).  In addition to body composition, pigs are also highly susceptible to stressful conditions.  
The processes of handling, restraint, and research interventions often result in high levels of daily 
stress, similar to that of humans living in industrialized western societies (Stanton & Mersmann, 
1986).  When all things are considered, the structural, physiological, and behavioral similarities of 
pigs and humans makes them excellent candidates for research when human subjects are not 
available due to cost, access, or ethical constraints.    
     In this study, a total of 12 porcine subjects (Sus scrofa or Sus domestica) were obtained from 
the Iowa State University Swine Teaching Barn; 4 in May 2008, and 8 in November 2008.  They 
were chosen based on their approximate size and weight, with an average weight of 105 pounds 
(48 kg), and a size range of 95-130 pounds (43-59 kg).   The pigs were euthanized by a university 
veterinarian according to AMA and AVMA protocols on euthanization via electrocution, and with 
the permission of the ISU Institutional Animal Care and Use Committee. The carcasses were left 
intact, and immediately delivered to their respective research location for use in the experiments. 
 
Materials 
     In addition to the carcasses, it was necessary to obtain complete bed-sets (mattress and 
foundation) and bedding.  Due to cost restraints, a single brand, type, or style of mattress could not 
be purchased.  Instead, an Iowa-based mattress producer (Lebeda Mattress Factory) donated and 
delivered complete used bed-sets, discarded by customers who had purchased new bed-sets from 
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the company.  These sets varied in style, from several years old with litle remaining cushion to 
relatively new pillowtop, and in size (one twin, one full, and five queen).  Consistency was 
achieved by ensuring that all bed-sets were of a metal-spring construction with wooden frames 
and no obvious damage (other than standard wear).  In order to simulate a house fire scenario, the 
mattresses were all covered with a complete sheet set (jersey-knit style, 100% cotton) and a thin 
cotton blanket (100% cotton).  These bedding additions were also meant to provide additional fuel 
in the controlled setting and for consistency in the house fire setting.   
 
Experiment 1: Controlled Mattress Fire Setting 
     In order to determine the amount of bodily destruction that occurs as a direct result of mattress 
fire consumption, I first constructed a contained mattress fire scenario. With the cooperation of the 
Iowa Fire Service Training Bureau, two wooden burn-cells were constructed using wooden two-
by-fours, plywood, and drywall.  They were approximately 12 feet x 12 feet x 10 feet (3.7 m x 3.7 
m x 3 m) in size.  These experimental cells can be described as three-sided rooms, with a ceiling 
and floor; with the open wall facing east, so as to limit the influence of wind.  
     The experiment was conducted on May 14, 2008. The ambient temperature was 63oF (17.2oC), 
with no precipitation and a light breeze. Each cell was outfitted with the following components: a 
constructed queen-sized bed-set (elevated on a new metal bed-frame) with the aforementioned 
bedding properly in place and a pig carcass centered in the bed.  For purposes of comparison, a 
single carcass was wrapped in a set of sheets and a blanket, and then placed on the floor next to 
the bed (Figure 15).  The firefighters assisting in the experiment applied a small amount of gasoline 
to each bed (approximately 32-ounces across the pig carcasses in Cell #1, and 12-ounces across 
the pig carcasses in Cell #2).  This use of accelerant was necessary in order for the bed to ignite 
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and continue to a stage of full involvement, rather than smoldering.  Gasoline was used as it is a 
readily available accelerant, and therefore commonly used by arsonists (Fairgrieve, 2008).   
     Once the gasoline was applied, the firefighters ignited the bed-sets, allowing them to burn until 
such a time that the cell structure was at risk of becoming involved or destroyed.  For Cell #1, the 
fire burned for less than two minutes before extinguishment efforts became necessary over 
concerns about the size and intensity of the fire (Figure 16).  For Cell #2, the fire burned for over 
12 minutes before being extinguished (Figures 17-18).  After the fires were extinguished, the 
remains and debris were left in place to cool overnight.  In order to limit the access of scavengers 
and curious community members, the open wall of each cell was covered with a tarp and secured.  
 
Figure 15: Cell #2, burn-cell arrangement         Figure 16: Cell #1, 30 seconds after ignition  
Figure 17: Cell #2, 4 minutes after ignition        Figure 18: Cell #2, after extinguishment 
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     The following day it was apparent that while nearly the all of the mattress and bedding materials 
were consumed in the fires (aside from the springs and metal frames), the carcasses remained 
largely intact (Figures 19-22).  It was therefore decided that no further experimental reproductions 
of these controlled-setting fires should be completed considering the initial fires were not allowed 
to burn to completion (at the request of the Fire Service Training Bureau) and based on the 
observation that no skeletal elements were being exposed for evaluation.  The burnt carcasses were 
then returned to the ISU Swine Teaching Facility for disposal, mattress debris was recycled, and 
the Fire Service Training Bureau staff deconstructed the burn cells. 
Figure 19: Severely charred carcass                    Figure 20: Heat rupture on posterior limb 
Figure 21: Cell #1, after carcass removal          Figure 22: Cell #2, after carcass removal 
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Experiment 2: House Fire Setting 
     In order to determine how a mattress affects the dispersal of remains involved in a residential 
fire, I arranged for eight more pigs to be euthanized and cremated inside of simulated house fire.  
With the cooperation of the Altoona Fire Department, a local home (701 2nd Ave SW, Altoona, 
Iowa), in the process of being removed for future construction, was donated to the city.  While the 
department was using the house for training purposes, it ultimately was to be burned to the ground 
and the property developed sometime the following year.  With permission from the owner, the 
Altoona Fire Chief and Captain, eight additional carcasses were placed inside of the home prior to 
its destruction on November 22, 2008.  These pigs were euthanized by the same ISU veteranarian 
and in the same manner as those in the first experiment.   
     The main-level floorplan of the 107 year-old single-story house (Figure 23) included a laundry 
area, small kitchen, small dining room, two bedrooms, a small bathroom, and a living room.  The 
home’s perimeter was nearly square, measuring 32.5 feet x 35 feet (9.9 m x 10.6 m; north/south 
walls x east/west walls).  Inside the home, the walls were heavily plastered, and there was a 
significant amount of dry timber with apparent termite infestations.  All appliances and furniture 
had been removed, as had most of the wiring (during asbestos removal).   
     Below the main floor was a divided basement area (Figure 24).  The east half (under the laundry 
area, kitchen, dining room, spare bedroom, and bathroom) was very shallow, only measuring 24 
inches or less below the above floorboards (commonly referred to as a “root cellar”).  The west 
half (under the living room and master bedroom) was a full basement, measuring approximately 
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Figure 24: House basement-level floor plan, before fire (not to scale) 
 
 
     The evening before the fire (November 21, 2008), the house was outfitted with five bed-sets 
and eight carcasses, described in Table 5. As in experiment 1, the beds were made with complete 
sheet sets and blankets, and the carcasses were placed in the center of each mattresss (Figures 25-
28).  While not reflective of a majority of homes in the United States, the distribution of mattresses 
throughout the house is representative of homes considered crowded or severely crowded, and was 
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Table 5: Experimental settings on the house main-level 
Room Pig carcasses (number and location) Bed size 
Master bedroom 2 – one on the bed, one on the floor east of the bed Queen 
Living room 2 – one on the bed, one on the floor south of the bed Queen 
Spare Bedroom 2 – one on the bed, one on the floor south of the bed Queen 
Dining Room 1 – on the bed Full 
Kitchen 1 – on the bed Twin 
 
 
Figure 25: Living room            Figure 26: Dining room 
Figure 27: Spare bedroom    Figure 28: Master bedroom 
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     As no accelerants can be used in the execution of training exercises where firefighters will be 
entering and maneuvering inside a structure, numerous bales of hay were placed inside of the home 
to act as a fuel source.  The hay bales lined the south walls of the dining room and living room, 
and in the hallway near the bathroom.    
   The experiment was conducted on the morning of November 22, 2008. The ambient temperature 
was 36oF (2.2oC), with no precipitation and a light breeze.  Following a series of training exercises, 
the Altoona Fire Department set the house ablaze by igniting the hay bales found in the dining 
room, hallway, and living room.  No extinguishment efforts were made, and the house was allowed 
to burn in its entirety (Figures 29-32).  The fire was most intense along the east-central area of the 
house initially (dining room and kitchen), and progressed westward. Throughout the duration of 
the fire, temperature readings were taken by firefighters using a handheld thermal imaging device.  
Regularly timed temperature readings were not recorded due to a shortage of assistants, however 
at the peak of the fire temperatures reached nearly 1800oF (982oC) in areas directly above the pig 
carcasses in the dining room and kitchen.  The house was greatly reduced to ash and fragmentary 
remnants within 90 minutes. 
    For safety purposes, excavation did not begin until the following day (November 23, 2008).  
Intially the area was photographed and sketches were made outlining visible remains and mattress 
locations.  Using twine, a one-meter by one-meter Cartesian grid was constructed over the house 
(Figures 33 and 35).  A walking survey was then conducted, and pinflags were placed in areas 
containing visibly burnt remains or potential cremains (Figure 34).  
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Figure 29: Single-story home, pre-fire         Figure 30: 45 minutes after ignition 
 
Figure 31: Structural collapse          Figure 32: 90 minutes after ignition 
 
Figure 33: Grid construction            Figure 34: Flagged remains from master 
                bedroom (pig on floor in foreground) 
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     Once all eight pigs and their associated mattresses, if applicable, were accounted for, excavation 
began, starting with the spare bedroom and moving across the root cellar, into the dining room, 
and kitchen.  Recovery then moved into the basement areas, where remains from the master 
bedroom and living room were found.  Intact remains and cremated bones were identified and 
mapped according to their surface location (centimeters north and east; depth measurements were 
not recorded due to debris and structures across the surface of the house and grid system), sketched 
onto a grid form, given an catalog number and collected (Figures 36-43).  This process was very 
similar to that employed by archaeologists and forensic anthropologists in excavation or recovery 
situations (Bass, 2005).  Small fragments were denoted as a single point, while larger fragments 
and intact carcasses were mapped using a series of points outlining the specimen.  Entire carcasses 
were not collected due to the logistical issues of storage and their limited use in a skeletal 
investigation, and skeletal elements still encased in tissue were not cataloged. Exposed skeletal 
tissue was wrapped in a lightweight packaging material and placed in paper bags for transport.  
Debris and ash was also screened through a one-quarter inch (0.64 cm) mesh, collecting fragments 
and small specimens not retrieved by hand. 
 
Figure 36: Spare Bedroom mattress                    Figure 37: Dining room, vertebral column 
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Figure 38: Dining room, posterior cranium        Figure 39: Master bedroom floor, internal  
               thoracic and abdominopelvic wall 
 













        Figure 42: Master bedroom mattress           Figure 43: Basement with mattresses 
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     In order to protect the site, the area was surrounded with a perimeter fence (snow fencing) and 
monitored by the neighboring Altoona Police Department.  Excavation of all eight carcasses took 
seven days and was complicated on the final day by snow.      
     Once collected, the remains of each pig were cleaned, evaluated, and cataloged separately.  
Evaluation began by laying out all recovered boney specimens in anatomical position, determining 
what elements were present and in what state.  Each skeletal element was cataloged by the 
assignment of an identifier based on room location and surface placement (Table 6) and evaluated 
for elemental identification (Figure 44, Table 7), recovery location, completeness, color (Table 8, 
Figure 45), fractures (Table 9), and any other changes that could be attributed to the fire.  If there 
was a possibility to join or mend fractured or fragmented specimens, permanent glue was used to 
reconstruct the larger element.  Each overall carcass (or setting) was also described using 
previously described cremation scales outlined in Table 3 (Crow & Glassman, 1996; Dirkmaat, 
2002).  It should also be noted that the subjects were all juveniles between the ages of 12-16 weeks; 
therefore, fusion of the epiphyseal plates had yet to begin at most locations, greatly increasing the 
number of potential skeletal elements present (Sisson & Grossman, 1975).   
 
Table 6: Specimen identifiers, based on room location and surface placement 
Room Specimen on Mattress (M) Specimen on Floor (F) 
Master Bedroom (MB) MB-M MB-F 
Living Room (LR) LR-M LR-F 
Spare Bedroom (SB) SB-M SB-F 
Dining Room (DR) DR-M (not applicable) 
Kitchen (K) K-M (not applicable) 
 
 
 44  
 
 
Figure 44: Pig skeletal anatomy 
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Table 7: Skeletal element coding system (Hill, 2008; Sisson & Grossman, 1975) 
  Expected number in an average individual 
Skeletal element Abbreviation H. sapiens sapiens Sus scrofa 
Cranium CR 1 1 
Mandible MR 1 1 
Dental (incisors, canines, 
premolars, molars) DE (I/C/P/M) 32 (2-1-2-3) 44 (3-1-4-3) 
Hyoid HY 1 1 





(7 / 12 / 5 / 1) 
47-52  
(7 / 14-15 / 6-7 / 20-23) 
Ribs RB 24 28 – 30 
Sternum SN 3 segments 6 segments 
Clavicle CV 2 0 
Scapula SC 2 2 
Humerus HM 2 2 
Radius RD 2 2 
Ulna UL 2 2 
Carpals  CP 16 16 
Metacarpals MC 5 4 
Phalanges  PH 56 48 
Sacrum SA 1 1 
Os coxa (ilium, ischium, pubis) IM (IL/IS/PU) 2 (1/1/1) 2 (1/1/1) 
Femur FM 2 2 
Patella PT 2 2 
Tibia TA 2 2 
Fibula FB 2 2 
Calcaneus CA 2 2 
Astragulus or Talus AS 2 2 
Tarsals (other) TR 10 10 
Metatarsals MT 10 8 
Sesamoid SE Uncommon Numerous 
Indeterminate long bone LB (not applicable) (not applicable) 
Indeterminate flat bone FB (not applicable) (not applicable) 
Indeterminate cancellous bone CB (not applicable) (not applicable) 
Unidentifiable UN (not applicable) (not applicable) 
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Table 8: Color coding system (Munsell, 2010)    Table 9: Fracture coding system 
Observed color Corresponding soil colors  Fracture type Letter 
White (calcined) 10YR – 8/1  Curvilinear C 
Light Gray 10YR – 7/1, 6/1, 5/1  Transverse T 
Dark Gray 10YR – 4/1, 3/1  Longitudinal L 
Black 10YR – 2/1  Oblique ring O 
Brown 10YR – 6/3, 5/3, 4/3, 3/3  Patina P 
Tan 10YR – 8/2, 8/3, 7/3, 7/4  Delamination D 
Other (e.g. pink, blue) (N/A)    
 
 
Figure 45: Munsell soil color reference, 10YR chart (Munsell, 2010)
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CHAPTER 4. ANALYSIS AND RESULTS 
     Data from experiments were used for comparisons and statistical analysis in order to possibly 
answer the research questions of how a mattress contributes to the burning of a body, the difference 
in the degree of burning between bodies on mattresses versus the floor, and the displacement of 
bodies during residential fires involving structural collapse.  
 
Experiment 1: Controlled Mattress Fire Setting 
     It was immediately evident after the controlled fire experiment that no skeletal elements were 
going to be exposed as a result of the fires. Neither cell sustained high temperature fires for the 
length of time necessary to consume the soft tissues and expose bone. In Cell #1, the mattress and 
foundation were not completely consumed, as the fire risked significantly damaging the burn-cell 
structure within two minutes and was extinguished. In Cell #2, the fire burned for a longer period 
of time (12 minutes) and the mattress was completely consumed, leaving only the metal springs 
and a few pieces of foundational supports intact.  
     Regardless of the time, there did not appear to be any significant difference in the level of tissue 
destruction between the cells or between the pigs burned on a mattress compared to those placed 
on the floor.  In both cells, the epidermis of every pig was charred with slight heat rupture into the 
dermal layers of the posterior limbs; no boney elements were exposed.  Using the previously 
described cremation scales outlined in Table 3, both carcasses fell between Levels 1 and 2 on the 
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Experiment 2: House Fire Setting 
     In all, 3,637 burned skeletal specimens were retrieved, identified and cataloged from the house 
fire setting.  Using data regarding recovery location (grid and point location), anatomical specimen 
frequency, color change, and fracture frequency and patterns, comparisons can made between 
remains within a single room (mattress versus floor) and recovery location in different sub-floor 
areas (basement versus root cellar).  Unburned skeletal specimens enclosed in soft tissue were not 
identified, cataloged, or retrieved due to limitations related to the storage and dissection of the 
remains.  
     All non-metal portions of every mattress were consumed during the fire, with only metal 
springs and framing elements remaining. The wood-framed foundations and bed sheets were 
entirely destroyed. Each mattress showed evidence of warping, likely the result of expansion 
caused by superheating in the fire and contraction caused by subsequent cooling.  
     As the result of the fire, a vast majority of the house structure was reduced to ash and small 
fragmentary debris, including the roof, interior and exterior walls, ceilings, and floors. Exceptions 
included the furnace, toilet, water heater, metal pipes and ducts, bricks, cinder blocks, and the 
chimney, which was knocked down by firefighters as a safety precaution after the fire had 
concluded. The most common fragmentary materials encountered were plaster, drywall, and a 
confetti-like insulation substance. As the floors were compromised, materials on the first floor 
predictably fell into respective areas in the lower-level below. 
 
Recovery location 
     Utilizing the recovery location data, two figures were generated to illustrate the locations of 
retrieved skeletal elements.  Figure 46 highlights the grid unit location for each specimen, as well 
 49  
as the location of the mattresses, and location and orientation of carcasses. Figure 47 is a scatter 
graph showing the distribution of only the skeletal elements according to its measured location 
from the datum (0,0).  
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Figure 46: Grid plan-map of the recovered specimens and mattresses (1 m x 1 m; not to scale) 
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Figure 47: Scatter graph of the recovered skeletal elements according to location 
 
     As shown in Figure 46, there were two distinct areas of recovery within the lower-level of the 
house.  Specimens in the master bedroom and living room were located above the basement, 
therefore their remains fell a greater distance (up to 96 inches, 2.45 m) when the floors collapsed. 
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below where it had been placed and in a similar position. The pathway of the other three specimens 
was altered or influenced by the presence of a cinder-block shelf along the southwest wall and 
western wall, measuring 36-48 inches wide (0.9-1.2 m) and 45-50 inches tall (1.1-1.3 m).   
     In the master bedroom, the floor specimen came to rest approximately 1.5 meters north of where 
it had been placed originally. Interestingly, during the fall the specimen underwent a reversal in 
body position. Prior to the fire, the pig’s snout had been facing south, while upon recovery it was 
found to be facing north, towards the living room. The horizontal shift may be the result of this 
flipped position.   
     As the master bedroom mattress collapsed into the basement, three of the four corners of the 
mattress came to rest on the cinder-block shelf, with only the northeast corner being unsupported. 
A large portion of the mattress was draped across the southwest wall, without any portion of the 
mattress touching the basement floor or accumulated debris pile below, as illustrated in Figure 42. 
The remains originally on the mattress subsequently rolled off and onto the basement floor below, 
coming to rest approximately 1.75 meters north of where it had been placed originally.  As it rolled, 
it appears as though ribs and vertebral elements became dislodged, as there was a downward cone 
of distribution (visible in Figure 47) of these elements towards where the carcass ultimately came 
to rest.  Other skeletal remains were not in any particular pattern or anatomical order otherwise.  
Nearly all of the skeletal specimens recovered were found below the bed, with only a few found 
trapped in the mattress springs (Figure 41).   
     In the living room, the floor specimen was located in the same general orientation as it began. 
The remains came to rest approximately two meters east of where it was originally placed, 
presumably due to the presence of debris under the body as it fell, causing it to roll slightly.   
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     As the living room mattress collapsed, the mattress specimen was found to be perpendicular to 
its original orientation, coming to rest against the north wall.  This is attributed to significant 
disruption of the mattress as it fell into the basement and encountered the cinder-block shelf.  While 
it did not get hung up, as in the master bedroom, the shelf did cause the mattress to tip vertically 
as it moved, resulting in the remains rolling off and to the east approximately 3.5 meters.  Prior to 
the fire, the pig’s snout had been facing north, while upon recovery it was found to be facing west, 
near the crumpled mattress springs. Although the carcass underwent a significant change in 
position and location, it remained anatomically organized. 
     Specimens in the kitchen, dining room, and spare bedroom were located above the root-cellar, 
therefore their remains fell a short distance (12-24 inches, 0.3-0.6 m) when the floors collapsed.  
When this occurred, the mattresses stayed in a parallel position to the root-cellar surface, making 
location of the remains relatively simple, as they were essentially cradled by the mattress springs.  
The specimens remained anatomically organized and experienced very little horizontal shift. The 
greatest obstacle to recovery of these 4 specimens was the amount of burned house debris on top 
of them.  
     When viewing the individual provenience points for each skeletal element in Figure 47, distinct 
groupings can be identified that correspond to their originating specimen. Those specimens located 
in the spare bedroom, dining room, and kitchen fell a short distance into the root cellar, remaining 
well organized and in a near linear arrangement. Those specimens in the master bedroom and 
living room exhibit the greatest spatial distribution, likely the result of having fallen into the 
basement, along with the presence of the cinder block shelf altering mattress collapse and 
underlying debris piles. These elements were less organized, and took on a clumped arrangement. 
It can also be noted that in two instances, in the master bedroom and the spare bedroom, there was 
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a small amount of comingling between specimens. The comingling of the master bedroom 
elements can be explained by the rolling of the mattress specimen in a north-east trajectory. When 
it came to rest, it was adjacent to the floor specimen. The comingling of the spare bedroom 
elements is not easily explained, as there was little horizontal shifting resulting from the floor 
collapse into the underlying root cellar.  
 
Cremation states 
     As discussed earlier, the degree of cremation depends on duration of exposure and temperatures 
reached within a fire.  While neither of these could be controlled in this experiment, within room 
comparisons can offer some insight into the processes that acted upon the subjects while the house 
burned.  As a reminder, the fire was ignited using hay bales placed throughout the central portion 
of the house, specifically the dining room, hallway, and living room.  Walls with traditional 
doorways separated most of the rooms, with the exception of the dining room and living room 
which were joined by a large opening in their shared wall.  
    Specimens were described and assigned a cremation state using both the Crow-Glassman (1996) 
and Dirkmaat (2002) classification systems (Table 10). To illustrate the cremation state difference 
in specimens spatially and in-relation to the points of ignition, the systems were applied to the grid 
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Table 10: Cremation state of specimens 
Location Crow-Glassman (1996) Dirkmaat (2002) 
Master bedroom – mattress  Level 3 Partially cremated – 3 
Master bedroom – floor  Level 2 Partially cremated – 2 
Living room – mattress  Level 5 Incomplete cremation 
Living room – floor  Level 5 Incomplete cremation 
Spare bedroom – mattress  Level 2 Partially cremated – 2 
Spare bedroom – floor  Level 2 Partially cremated – 1 
Dining room – mattress  Level 5 Incomplete cremation 
Kitchen – mattress Level 5 Incomplete cremation 
 
      Based on this information, it can be seen that specimens in central, open areas of the house, 
namely the dining room, kitchen, and living room, were more cremated (CGS level 5, incomplete 
cremation) than those in the enclosed bedrooms.  These areas were exposed to fire first, as they 
were the sites of ignition, and were fully involved for the greatest amount of time.  According to 
the Altoona Fire Department Chief, the heavily plastered walls could create an “oven effect,” 
where the fire could reach extreme temperatures, possibly over 1800oF (982oC).  This was later 
validated through temperature readings on the day of the fire.  Therefore, the central rooms were 
more likely to have experienced higher temperatures than the outlying bedrooms, resulting in a 
greater degree of crematory damage. After the fire concluded, fallen debris in the dining room, 
kitchen, and living room continued to smolder for nearly 48 hours, which may have resulted in 
continued skeletal exposure and calcination. These factors may explain why both living room 
specimens reached the same level of cremation, showing no difference between the mattress and 
floor specimens, as is seen in the bedrooms. 
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Figure 48: Grid plan-map of the Crow-Glassman (1996) distribution (1 m x 1 m; not to scale) 
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     In the bedrooms, it was evident that the specimens on mattresses sustained greater damage than 
their floor-resting counterparts.  In the spare bedroom, both specimens have a Crow-Glassman 
(1996) score of level 2, while in the Dirkmaat (2002) system, the mattress specimen sustained 
slightly more damage (partially cremated – level 2) than the floor specimen (partially cremated – 
level 1).  The master bedroom specimens differed in both systems by a level, with the mattress 
specimen sustaining slightly more damage (CGS Level 3, Partially cremated – Level 3) than the 
floor specimen (CGS Level 2, partially cremated – level 2). The specimens in the master bedroom 
also sustained more damage when compared to the spare bedroom.  In both bedrooms the remains 
were not covered by significant amounts of fallen, smoldering debris, as was seen in the other 
rooms.  The spare bedroom specimens were largely exposed, while the master bedroom specimens 
eventually came to rest upon piles of debris, rather than under them. This exposure may have 
resulted in the bedroom specimens cooling faster than the others and a reduction in damage 
resulting from sustained smoldering. This may have also contributed to the observed preservation 
of the ventral body cavities and enclosed thoracic and abdominopelvic organs in all four subjects.  
      
Recovered cremated specimens 
     In all, 3,637 pieces of cremated bone were recovered from the house.  These specimens came 
in a variety of forms, from complete, intact skeletal elements to fragments only a few millimeters 
in diameter.  Every effort was made to correctly identify the intact and fragmentary skeletal 
elements, which are summarized in Table 11. Unfortunately, many fragments (38.618%) were too 
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Table 11: Recovered skeletal element frequency and distribution 
 MB-M MB-F LR-M LR-F SB-M SB-F DR-M K-M Total 
 f % f % f % f % f % f % f % f % f % 
Cranium 43 6.555 41 13.269 89 18.388 39 8.351 23 12.169 15 44.118 60 7.528 127 18.117 437 12.015 
Mandible 60 9.146 1 0.324 6 1.240 5 1.071 0 0.000 2 5.882 18 2.258 7 0.999 99 2.772 
Teeth 18 2.744 7 2.265 9 1.860 17 3.640 3 1.587 0 0.000 21 2.635 16 2.282 91 2.502 
Hyoid 0 0.000 0 0.000 2 0.413 0 0.000 0 0.000 0 0.000 1 0.125 1 0.143 4 0.110 
Vertebrae 79 12.043 26 8.414 128 26.446 137 29.336 0 0.000 0 0.000 199 24.969 84 11.983 653 17.954 
Ribs 71 10.823 22 7.120 93 19.215 72 15.418 0 0.000 0 0.000 70 8.783 91 12.981 419 11.520 
Sternum 2 0.305 2 0.647 3 0.620 3 0.642 0 0.000 0 0.000 3 0.376 5 0.713 18 0.495 
Scapula 10 1.524 9 2.913 5 1.033 6 1.285 0 0.000 0 0.000 3 0.376 7 0.999 40 1.100 
Humerus 16 2.439 8 2.589 7 1.446 10 2.141 8 4.233 2 5.882 8 1.004 6 0.856 65 1.787 
Radius 0 0.000 0 0/000 1 0.207 1 0.214 0 0.000 0 0.000 3 0.376 4 0.571 9 0.247 
Ulna 0 0.000 2 0.647 0 0.000 6 1.285 0 0.000 2 5.882 2 0.251 3 0.428 15 0.412 
Carpals 0 0.000 7 2.265 0 0.000 8 1.713 0 0.000 2 5.882 4 0.502 0 0.000 21 0.577 
Metacarpals 0 0.000 9 2.913 0 0.000 7 1.499 0 0.000 2 5.882 0 0.000 6 0.856 24 0.660 
Phalanges 1 0.152 10 3.236 0 0.000 4 0.857 7 3.704 0 0.000 26 3.262 10 1.427 58 1.595 
Sacrum 0 0.000 0 0.000 0 0.000 2 0.428 0 0.000 0 0.000 2 0.251 0 0.000 4 0.110 
Os coxa 2 0.305 0 0.000 3 0.620 9 1.927 0 0.000 0 0.000 4 0.502 2 0.285 20 0.550 
Femur 4 0.610 7 2.265 0 0.000 9 1.927 4 2.116 1 2.941 23 2.886 1 0.143 49 1.347 
Patella 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 
Tibia 4 0.610 5 1.618 0 0.000 6 1.285 8 4.233 2 5.882 3 0.376 4 0.571 32 0.880 
Fibula 2 0.305 1 0.324 0 0.000 0 0.000 0 0.000 0 0.000 1 0.125 1 0.143 5 0.137 
Calcanus 2 0.305 4 1.294 1 0.207 4 0.857 6 3.175 1 2.941 2 0.251 2 0.285 22 0.605 
Astragulus 0 0.000 6 1.942 0 0.000 1 0.214 2 1.058 0 0.000 3 0.376 2 0.285 14 0.385 
Tarsals 2 0.305 5 1.618 0 0.000 0 0.000 3 1.587 2 5.882 7 0.878 16 2.282 35 0.962 
Metatarsals 5 0.762 4 1.294 0 0.000 3 0.642 21 11.111 0 0.000 29 3.639 7 0.999 69 1.897 
Sesamoid 1 0.152 2 0.647 0 0.000 4 0.857 6 3.175 0 0.000 12 1.506 11 1.569 36 0.990 
Interm. long 11 1.677 12 3.883 0 0.000 3 0.642 17 8.995 1 2.941 63 7.905 7 0.999 114 3.314 
Interm. flat 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 
Interm. 
cancellous 17 
2.591 37 11.974 0 0.000 0 0.000 7 3.794 2 5.882 38 4.768 4 0.571 105 2.887 
Unidentified 306 46.646 82 26.537 137 28.306 111 23.769 74 39.153 0 0.000 192 24.090 277 39.515 1,179 32.417 
Total 656 100.00 309 100.00 484 100.00 467 100.00 189 100.00 34 100.00 797 100.00 701 100.00 3,637 100.00 
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     Another complicating factor was the lack of epiphyseal fusion in most elements due to the 
skeletal immaturity of the pigs. Most pigs do not reach skeletal maturity until approximately two 
years, weighing upwards of 250 pounds (113 kg) (Moran et al, 2016). These pigs were juveniles, 
having only reached an average weight of 105 pounds (48 kg). This significantly increased the 
number of boney elements potentially present, although this was standardized across the 
experiment by using pigs of the same age and size.  An average adult pig has 216 bones, but at 
birth has 300-350 bones (Bollen, 2000). For comparison, an average adult human as 206 bones, 
but at birth has approximately 300 bones (Bass, 2005).  
     A chi-square test was performed to examine the relationship between recovered skeletal 
elements and surface origin, mattress or floor.  The difference between mattress and floor 
specimens was found to be significant, with X2 (26, N = 3,637) = 55.125, p = 0.001.   
     Frequency data showed the most commonly recovered cremated skeletal elements were from 
the cranium (12.015%), ribs (11.520%), and vertebrae (17.954%).  This was not surprising, 
however, as these regions of the body are composed of numerous parts and have relatively thin 
layers of superficial muscle tissue and fat when compared to the paired appendicular elements and 
their associated bulky muscle groups.   
     The cranial bones most often recovered were those of the snout (nasal bones and maxillae) and 
the base of the cranium (occipital, parietal, and temporal).  In both bedrooms, partial cremation 
primarily exposed facial elements, while the remaining neck musculature protected the posterior 
regions of the cranial vault.  In the areas where the entire pig was reduced to skeletal elements 
(dining room, kitchen, and living room), the facial bones were typically lost, but the posterior 
bones of the cranium remained (Figure 50-51).  They rarely exhibited any signs of fracture other 
than delamination, and frequently the outer and inner tables were in the process of separating.   
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Figure 50: Posterior cranium, exterior               Figure 51: Posterior cranium, interior 
 
     The long bone elements most frequently recovered were the epiphyses and portions of the 
diaphysis closest to the epiphyses.  This could be related to the sturdiness of the epiphyseal 
structure, with a solid base of cancellous bone surrounded by cortical bone.  It may also be 
attributed to the relatively weak structure of the diaphysis, having an outer margin of cortical bone 
surrounding the medullary cavity.  As the fats are burned out of the body, this space creates 
instability and an increasing likelihood that the diaphysis will not only break, but break into small 
fragments that can be difficult to identify as belonging to a particular element.   
 
Bone color 
     Once identified, each cremated specimen was evaluated for color change.  Using the Munsell 
Soil Color Chart as a reference (Figure 45; Munsell, 2010), six colors were represented: white, 
black, light gray, dark gray, brown, and tan (Figures 52-55).  In a few individual specimens, rare 
color staining was present (e.g. pink, orange, green; Figure 50-51 and 55), and was attributed to 
contact with architectural materials or other organic and inorganic substances during the fire.   
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Figure 52: Progressive color change, femur        Figure 53: Black, fractured scapula 
Figure 54: Light gray, thoracic vertebrae          Figure 55: Calcined, metatarsal 
 
  
    As previously reviewed, a predictable change in color has been linked to histological changes 
within the bone when exposed to increasing temperatures (Mayne-Correia, 1997; Thompson, 
2004; Fairgrieve, 2008; Walker et al, 2008; Marques et al, 2018).  Table 12 summarizes the 
frequency of these colors according to specimen location. 
     Patterns did emerge regarding the frequency of color change in relation to cremation state.  The 
specimens from the living room, dining room, and kitchen were predominantly white and light 
gray.  These colors indicate advanced stages of cremation, further confirming the idea that these 
specimens were exposed to high temperatures for a long period based on their proximity to the site 
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of ignition and subsequent smoldering, and supporting the cremation state classifications of CGS 
level 5 and incomplete cremation (Crow & Glassman, 1996; Dirkmaat, 2002).  The master 
bedroom specimens had an increased frequency of black elements, indicating they had been 
exposed for a shorter length of time and/or at lower temperatures than the others, further supporting 
their lower cremation state classifications.  
 
Table 12: Bone color frequency and distribution 
   100oC                                                                                          1000oC




(calcined) Other Total 
MB-M 
f 0 38 142 40 247 189 0 656 
% 0.000 5.793 21.646 6.098 37.652 28.811 0.000 100.00 
MB-F 
f 1 25 49 16 160 58 0 309 
% 0.324 8.091 15.858 5.178 51.780 18.770 0.000 100.00 
LR-M 
f 12 6 6 25 334 95 6 484 
% 2.479 1.240 1.240 5.165 69.008 19.628 1.240 100.00 
LR-F 
f 8 1 2 44 285 127 0 467 
% 1.713 0.214 0.428 9.422 61.028 27.195 0.000 100.00 
SB-M 
f 1 6 46 10 22 104 0 189 
% 0.529 3.175 24.339 5.291 11.640 55.026 0.000 100.00 
SB-F 
f 3 1 15 2 13 0 0 34 
% 8.824 2.941 44.118 5.882 38.235 0.000 0.000 100.00 
DR-M 
f 0 0 1 46 214 536 0 797 
% 0.000 0.000 0.125 5.772 26.851 67.252 0.000 100.00 
K-M 
f 1 0 42 35 200 423 0 701 
% 0.143 0.000 5.991 4.993 28.531 60.342 0.000 100.00 
Total 
f 26 77 303 218 1,475 1,532 6 3,637 
% 0.715 2.117 8.331 5.994 40.555 42.123 0.165 100.00 
Mattress 
f 14 50 237 156 1,017 1,347 6 2,827 
% 0.495 1.769 8.383 5.518 35.975 47.648 0.212 100.00 
Floor  
f 12 27 66 62 458 185 0 810 
% 1.481 3.333 8.148 7.654 56.543 22.840 0.000 100.00 
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     In many cases the collected elements followed trends that had been outlined in past literature 
on cremation and the thermal alteration of bone.  For instance, due to the progression of tissue 
destruction from the distal appendages towards the trunk, those areas exposed first and longest will 
exhibit color changes accordingly, as illustrated in Figure 13 (Fairgrieve, 2008; Pope, 2018).  It 
may be possible to obtain a single burned skeletal element exhibiting drastically different colors, 
as can be seen in Figure 52.  This femur illustrates progression of color change as the fire proceeded 
up the thigh towards the pelvis, with the distal portion being exposed for longer periods and 
becoming calcined, while the proximal portion is merely blackened.  
     When comparing color versus original position, it was found that mattress specimens had a 
slightly higher frequency of light gray and white elements (83.623%) versus the floor specimens 
(79.383%). This was further confirmed by a chi-square test, X2 (6, N = 3,637) = 52.276, p = <0.001, 
showing significant differences in coloration between the mattress and floor specimens, with 
mattress specimens more likely to be calcined.  Figure 56 is a scatter graph showing the distribution 
of the elements by color according to its measured location from the datum (0,0).   
     When comparing color versus skeletal element, as is summarized in Table 13, it was found that 
the most frequently recovered identifiable elements found to be light gray or white (calcined) were 
the vertebrae and ribs. Another commonly recovered element, the cranium, exhibited a greater 
range of coloration, with a majority being tan or brown.  
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Table 13: Bone color frequency per skeletal element 
 Tan Brown Black Dk. Gray Lt. Gray White Other Total 
 f % f % f % f % f % f % f % f % 
Cranium 4 14.286 32 41.558 27 8.766 28 12.844 93 6.335 247 16.123 6 100.00 437 12.015 
Mandible 3 10.714 9 11.688 51 16.558 1 0.459 10 0.681 25 1.632 0 0.000 99 2.772 
Teeth 0 0.000 0 0.000 20 6.494 15 6.881 21 1.431 35 2.285 0 0.000 91 2.502 
Hyoid 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 4 0261 0 0.000 4 0.110 
Vertebrae 1 3.571 5 6.494 8 2.597 54 24.771 374 25.477 211 13.773 0 0.000 653 17.954 
Ribs 0 0.000 1 1.299 34 11.039 14 6.422 217 14.782 153 9.987 0 0.000 419 11.520 
Sternum 0 0.000 0 0.000 2 0.649 8 3.670 3 0.204 5 0.326 0 0.000 18 0.495 
Scapula 1 3.571 0 0.000 6 1.948 3 1.376 23 1.567 7 0.457 0 0.000 40 1.100 
Humerus 0 0.000 4 5.195 25 8.117 3 1.376 25 1.703 8 0.522 0 0.000 65 1.787 
Radius 0 0.000 0 0.000 1 0.325 0 0.000 4 0.272 4 0.261 0 0.000 9 0.247 
Ulna 0 0.000 1 1.299 1 0.325 0 0.000 8 0.545 5 0.326 0 0.000 15 0.412 
Carpals 0 0.000 0 0.000 3 0.974 2 0.917 5 0.341 11 0.718 0 0.000 21 0.577 
Metacarpals 0 0.000 1 1.299 2 0.649 4 1.835 7 0.477 10 0.653 0 0.000 24 0.660 
Phalanges 0 0.000 3 3.896 2 0.649 0 0.000 7 0.477 46 3.003 0 0.000 58 1.595 
Sacrum 2 7.143 0 0.000 0 0.000 0 0.000 0 0.000 2 0.131 0 0.000 4 0.110 
Os coxa 1 3.571 1 1.299 2 0.649 7 3.211 2 0.136 7 0.457 0 0.000 20 0.550 
Femur 1 3.571 0 0.000 11 3.571 0 0.000 13 0.886 24 1.567 0 0.000 49 1.347 
Patella 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 
Tibia 0 0.000 0 0.000 6 1.948 0 0.000 12 0.817 14 0.914 0 0.000 32 0.880 
Fibula 0 0.000 0 0.000 0 0.000 0 0.000 1 0.068 4 0.261 0 0.000 5 0.137 
Calcaneus 0 0.000 0 0.000 3 0.974 1 0.459 4 0.272 14 0.914 0 0.000 22 0.605 
Astragulus 0 0.000 0 0.000 0 0.000 0 0.000 4 0.272 10 0.653 0 0.000 14 0.385 
Tarsals 0 0.000 0 0.000 2 0.649 1 0.459 5 0.341 27 1.762 0 0.000 35 0.962 
Metatarsals 0 0.000 0 0.000 3 0.974 1 0.459 17 1.158 48 3.133 0 0.000 69 1.897 
Sesamoid 0 0.000 0 0.000 1 0.325 1 0.459 15 1.022 19 1.240 0 0.000 36 0.990 
Interm. long 0 0.000 0 0.000 4 1.299 6 2.752 67 4.564 37 2.415 0 0.000 114 3.314 
Interm. flat 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 
Interm. 
cancellous 1 
3.571 7 9.091 15 4.870 5 2.294 50 3.406 27 1.762 0 0.000 105 2.887 
Unidentified 14 50.000 13 16.883 79 25.649 64 29.358 481 32.766 528 34.465 0 0.000 1,179 32.417 
Total 28 100.00 77 100.00 308 100.00 218 100.00 1,468 100.00 1,532 100.00 0 100.00 3,637 100.00 
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Fractures 
     In addition to color, another commonly evaluated feature of thermally altered bone is fracture 
patterns.  Numerous studies have shown how fractures can give an indication about the state of the 
boney tissue before being burned (wet or dry), but few other studies have been able to demonstrate 
with reliability that fractures can be correlated with temperatures or duration of exposure 
(Herrmann & Bennett, 1999; Bonnichsen & Sorg, 1989).  However, to keep with tradition, 
fractures were typed and counted. This information was then used to determine frequency based 
on location (Table 14) and skeletal element (Table 15). The most commonly encountered fracture 
type was the curvilinear, followed by longitudinal.  All fracture types were more frequent in 
mattress specimens (78.355%) when compared to floor specimens (21.645%). A chi-square test 
confirmed significant differences between the groups, with X2 (5, N = 1,058) = 11.348, p = 0.045, 
showing fractures were more likely in mattress specimens compared to floor specimens.  It was 
also noted that curvilinear fractures were more frequently encountered in mattress specimens, 
while delaminated fractures were more frequent in floor specimens. Curvilinear, longitudinal, and 
transverse fractures were more frequent in the axial region, namely the ribs and vertebrae. Patina 
and delaminated fractures were more frequent in the lower limb, namely the femur and astragalus.  
     Figures 57-60 illustrate the appearance of the fractures encountered.  In many cases the compact 
(cortical) bone had separated from the underlying spongy (cancellous) bone, and they both showed 
different coloration based on the organic materials remaining within them.  The spongy bone 
tended to remain black while the cortical bone advanced on into the gray and white, indicating a 
continued presence of fats within the tissue.  I also noted that the spongy (cancellous) bone tended 
to retain its shape, although it was very fragile, while cortical bone would fracture, fragment, and 
warp to the point where matching it to a possible element was unlikely.   
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     It was repeatedly seen that the enamel of the teeth had become very brittle and often dislodged 
from the tooth row.  These were most commonly found during the screening process, and typically 
were located in an area beneath the skull.  This was true for all tooth types, and may have been 
enhanced by the fact that these teeth were relatively new (some teeth had yet to erupt and remained 
in the maxillary bones).   
 















f 37 16 0 39 9 16 117 
% 9.136 12.698 0.000 12.264 10.000 14.159 11.059 
MB-F 
f 46 17 0 20 10 36 129 
% 11.358 13.492 0.000 6.289 11.111 31.858 12.193 
LR-M 
f 61 3 0 91 3 13 171 
% 15.062 2.381 0.000 28.616 3.333 11.504 16.163 
LR-F 
f 11 18 0 42 7 9 87 
% 2.716 14.286 0.000 13.208 7.778 7.965 8.223 
SB-M 
f 47 4 0 18 24 14 107 
% 11.605 3.175 0.000 5.660 26.667 12.389 10.113 
SB-F 
f 5 3 0 2 2 1 13 
% 1.235 2.381 0.000 0.629 2.222 0.885 1.229 
DR-M 
f 134 55 5 84 14 5 297 
% 33.086 43.651 83.333 26.415 15.556 4.425 28.072 
K-M 
f 64 10 1 22 21 19 137 
% 15.802 7.937 16.667 6.918 23.333 16.814 12.949 
Total 
f 405 126 6 318 90 113 1058 
% 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
Mattress 
f 343 88 6 254 71 67 829 
% 84.691 69.841 100.00 79.874 78.889 59.292 78.355 
Floor  
f 62 38 0 64 19 46 229 
% 15.309 30.159 0.000 20.126 21.111 40.708 21.645 
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 f % f % f % f % f % f % f % 
Cranium 7 1.728 14 11.111 0 0 6 1.887 5 5.556 8 7.080 40 3.781 
Mandible 14 3.457 1 0.794 0 0 5 1.572 3 3.333 0 0.000 23 2.174 
Teeth 0 0.000 0 0.000 0 0 0 0.000 0 0.000 0 0.000 0 0.000 
Hyoid 0 0.000 0 0.000 0 0 0 0.000 0 0.000 0 0.000 0 0.000 
Vertebrae 4 0.988 34 26.984 0 0 89 27.987 8 8.889 2 1.770 137 12.949 
Ribs 108 26.667 0 0.000 0 0 59 18.553 1 1.111 3 2.655 171 16.163 
Sternum 7 1.728 1 0.794 0 0 4 1.258 1 1.111 0 0.000 13 1.229 
Scapula 8 1.975 10 7.937 0 0 10 3.145 3 3.333 11 9.735 42 3.970 
Humerus 35 8.642 14 11.111 0 0 20 6.289 9 10.000 15 13.274 93 8.790 
Radius 11 2.716 1 0.794 0 0 7 2.201 1 1.111 2 1.770 22 2.079 
Ulna 13 3.210 2 1.587 0 0 10 3.145 0 0.000 0 0.000 25 2.363 
Carpals 10 2.469 11 8.730 0 0 1 0.314 0 0.000 1 0.885 23 2.174 
Metacarpals 15 3.704 0 0.000 0 0 9 2.830 1 1.111 4 3.540 29 2.741 
Phalanges 2 0.494 7 5.556 3 50 6 1.887 3 3.333 3 2.655 24 2.268 
Sacrum 3 0.741 0 0.000 0 0 0 0.000 1 1.111 1 0.885 5 0.473 
Os coxa 16 3.951 2 1.587 0 0 32 10.063 0 0.000 7 6.195 57 5.388 
Femur 18 4.444 4 3.175 0 0 4 1.258 7 7.778 27 23.894 60 5.671 
Patella 0 0.000 0 0.000 0 0 0 0.000 0 0.000 0 0.000 0 0.000 
Tibia 9 2.222 4 3.175 0 0 19 5.975 5 5.556 9 7.965 46 4.348 
Fibula 21 5.185 0 0.000 0 0 1 0.314 1 1.111 2 1.770 25 2.363 
Calcaneus 0 0.000 0 0.000 0 0 0 0.000 0 0.000 0 0.000 0 0.000 
Astragulus 21 5.185 3 2.381 0 0 0 0.000 20 22.222 1 0.885 45 4.253 
Tarsals 22 5.432 10 7.937 0 0 2 0.629 10 11.111 2 1.770 46 4.348 
Metatarsals 18 4.444 3 2.381 2 33.333 7 2.201 0 0.000 2 1.770 32 3.025 
Sesamoid 9 2.222 0 0.000 0 0 0 0.000 2 2.222 1 0.885 12 1.134 
Interm. long 5 1.235 0 0.000 0 0 2 0.629 3 3.333 0 0.000 10 0.945 
Interm. flat 0 0.000 0 0.000 0 0 0 0.000 0 0.000 0 0.000 0 0.000 
Interm. cancellous 0 0.000 0 0.000 0 0 0 0.000 2 2.222 5 4.425 7 0.662 
Unidentified 29 7.160 5 3.968 1 16.667 25 7.862 4 4.444 7 6.195 71 6.711 
Total 405 100.00 126 100.00 6 100.00 318 100.00 90 100.00 113 100.00 1,058 100.00 
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Figure 57: Proximal tibia showing variable        Figure 58: Reconstructed humerus showing  
colors, delamination, and small fractures           evidence of fracturing and calcination 
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CHAPTER 5. DISCUSSION 
Experiment 1: Controlled Mattress Fire Setting 
     The first experiment involving controlled burn-cells resulted in the incomplete destruction of 
the pig carcasses.  Based on the mere charring of the subjects, it can be stated that a mattress alone 
does not significantly contribute to the destruction of a body. The initial hypothesis suggesting a 
mattress will significantly enhance the destruction of a body when compared to those situated 
elsewhere (e.g. on the floor, not on a mattress or other furniture) is therefore rejected.  This being 
said, most often fire fatality cases involve a much larger structure with compounding variables and 
additional fuel sources.  Because this experiment failed to expose any boney tissue, it was 
necessary to move onto a more realistic fire scenario in order to answer questions about the effect 
of mattresses on the distribution and destruction of remains in a house fire setting. 
     Although both burn-cells yielded the same result, their execution was different based upon the 
amount of gasoline utilized to ignite the fires.  The fireman applying the fuel poured nearly three-
times as much on the specimens in Cell #1 compared to Cell #2. The resultant fire in Cell #1 was 
quite large, reaching very high temperatures in just a few minutes.  This rapid combustion resulted 
in the burn-cell itself being compromised, requiring the firemen to extinguish the fire prematurely.  
The application of a smaller amount of fuel in Cell #2 resulted in a more realistic fire scenario, 
according to the firemen.  The fire was able to burn for over 12 minutes before the burn-cell became 
structurally compromised, at which point it was extinguished.  In order to test the contribution of 
a mattress as a fuel source in an environment where the surrounding structure’s integrity is not an 
issue, it has been suggested that a steel burn cell could be utilized, where the mattress fires would 
be allowed to burn uninhibited until they naturally extinguish. 
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     In regards to the method of extinguishment, pressurized water was used to douse the flames.  
This water was applied within a very close range (approximately 30 feet, 9.14 m), and for an 
extended period of time so as to ensure there was no risk of re-ignition.  This application of water 
may have rapidly cooled the skin surface, resulting in the subsequent epidermal rupture noted on 
the posterior limbs.  It could not be determined if the skin ruptures were a result of the fire exposure 
or from the addition of cold, pressurized water to a hot surface.  This issue could also be resolved 
by the use of a steel-cell, where the experimental settings would be allowed to burn themselves 
out, without extinguishment efforts being made. 
 
Experiment 2: House Fire Setting 
     The second experiment was successful in yielding cremated skeletal remains.  Through 
qualitative and quantitative analysis, it became evident that there were definite differences between 
specimens located on mattresses versus those placed on the floor.  First, all mattress specimens 
were shown to be in an advanced state of cremation-related decomposition compared to their floor 
specimen counterparts based on their classifications in the Crow-Glassman (1996) and Dirkmaat 
(2002) scales.  While there was no consistency between all mattress subjects regarding the exact 
cremation level or proportion of the body exposed, it can be noted that, when compared to the floor 
specimens, they yielded significantly more skeletal elements. This was confirmed by the chi-
square test.  The most frequent identifiable skeletal elements retrieved were from the ribs, vertebral 
column, and cranium.  
     When comparing mattress and floor specimens within the same room, there was a notable 
difference in cremation states. Both living room specimens reached the same degree of cremation, 
and were comparable to the dining room and kitchen specimens.  The was likely the result of 
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location within the house, proximity to the ignition fuel source (hay bales), duration of exposure 
to high temperatures, and post-fire smoldering. In both the master and spare bedrooms, the mattress 
specimens achieved a higher cremation state classification compared to their floor counterparts, 
which were actually closer to the ignition fuel-sources in both locations. This may be attributed to 
their placement on a mattress, which acted as an additional fuel-source during the fire.  
     When comparing color change to specimen location, it was noted that skeletal elements 
recovered from the living room, dining room, and kitchen were more completely burned and more 
frequently appeared light gray or white (calcined). Their presence, along with the advanced state 
of cremation, provide further evidence that these specimens faced extreme thermal exposure.  
When comparing mattress and floor specimens within the bedrooms, coloration became more 
distributed, ranging from black to white (calcined). A chi-square test was able to confirm a 
significant difference in coloration between the specimens, with the mattress specimens more 
likely to be calcined.  
     When comparing color versus skeletal element, it was found that the ribs and vertebrae were 
most frequently described as light gray or white (calcined).  The two factors relate to one another 
in that the greater the exposure to fire, the more cremated and fragmentary an element will become, 
making its separation from the body and subsequent retrieval more likely. The cranium, on the 
other hand, showed a wider range of coloration, with a majority of the specimens being tan or 
brown.  
     Fracture analysis is a critical component of forensic event reconstruction.  Therefore, as part of 
this research experiment, each specimen was evaluated for the various fracture patterns, as well as 
their general frequency.  According to Table 14 and the chi-square test, the presence of fractures 
was significantly higher in mattress specimens when compared to floor specimens. There was no 
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significant difference between the types of fractures with regards to the specimen room location. 
Curvilinear, longitudinal, and transverse fractures were more frequent in the axial region, namely 
the ribs and vertebrae. Patina and delaminated fractures, while less common, were typically found 
in the lower limb, namely the femur and astragalus. It was noted that the same elements exhibiting 
high fracture frequency were the same elements that were more likely to be described as light gray 
or white (calcine) – the ribs and vertebrae. No larger trends were evident, confirming past 
investigations that concluded fractures are highly variable and therefore not reliable in providing 
information about their origin.  
     Based on the advanced state of cremation, frequency of exposed skeletal elements, color 
changes, and frequency of fractures, the initial hypothesis suggesting a mattress will enhance the 
destruction of a body when compared to those situated elsewhere (e.g. on the floor, not on a 
mattress) is supported.   
     Another important portion of this experimental design was to investigate the distribution 
patterns of remains under different conditions.  Using provenience data and general observations, 
two important trends were recognized.  First, mattresses that fell vertically a short distance during 
structural collapse (i.e. into the root-cellar) actually enhanced the maintenance of the remains in a 
confined area.  In fact, when the mattress springs were exposed and heated, they intertwined and 
curved upwards, forming a “cradle” around the specimen.  Few, if any, skeletal elements made it 
through the springs, further enhancing the recovery process. In areas where mattresses fell 
vertically a great distance (i.e. into the basement) during structural collapse, the mattresses seemed 
to have the opposite effect. As they impacted debris and other structural elements in their descent, 
the mattresses tilted or bent, resulting in the specimens rolling off of and away from the mattress, 
and the skeletal elements being spread over a larger area.  In the case of the master bedroom 
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mattress specimen, the distribution of skeletal elements as it rolled provided a detectable trail back 
towards the mattress.  This type of information could potentially be useful to investigators 
questioning the location of a victim during a fire.  For instance, if the remains appear to be in a 
relative anatomical order, it may be assumed that the individual was on the floor surface directly 
above where the remains are located, particularly if they fell a short distance and faced no structural 
interference.  Conversely, if the remains are dispersed, with proper mapping of elements, it may 
be possible to trace the pathway taken by the body back towards its original location.  This 
possibility would be hindered by the presence of debris, inadequate mapping, or comingling of 
remains.  
     Based on the observed “cradling effect” seen in the remains falling a short distance, and the 
“trailing effect” seen in the remains falling a great distance in the presence of structural 
interference and debris, the second hypothesis suggesting a mattress will change how a body 
moves and how skeletal elements are dispersed as they and their surroundings are consumed by 
fire is supported.   
 
Experimental Considerations 
     I believe portions of these research experiments could have been greatly enhanced had by the 
following additions or changes been made: 
     First, the use of juvenile swine was unintentional, and perhaps the increased amount of unfused 
skeletal tissue may have altered my ability to identify skeletal elements accurately.  The subjects 
were chosen for size and weight purposes, with the hope that by using smaller animals more 
skeletal tissue would be exposed.  Unfamiliarity with juvenile swine anatomy and an abundance 
of specimens were limiting factors. Should this experiment be duplicated, I would choose to use 
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fully mature pigs so as to have a definitive number of bones expected to be encountered and/or 
retrieved.  
     Second, although it had been proposed, temperature data was not collected at either fire.  This 
information would have been very useful in evaluating color change and fractures in regards to 
temperature change and accepted standards of cremation sequence.  Should this experiment be 
duplicated, temperature readings would ideally be taken using heat sensors placed throughout the 
house. 
     Third, incorporation of a GIS Total Station to gather location data would have also been useful 
in creating evaluation distribution of remains.  Although the standard grid system was reliable, the 
presence of debris mounds made using the grid for vertical measurements tenuous, at best.   
 
Future Research 
     Mattress fires have been studied very little outside of the bedding industry; therefore, there are 
numerous research opportunities within this field of investigation.  One such study could involve 
replicating this experiment with regards to distribution of remains in a variety of residential 
structures, including two-story homes or mobile homes. In traditional two-story homes, bedrooms 
are typically located on the second floor; therefore, their collapse into lower levels may result in a 
greater dispersal of remains due to the distance traveled and the potential for impacting debris and 
architectural elements. Conversely, mobile homes do not have basements, and would likely 
resemble the root-cellar scenario due to the short distance the mattresses would travel vertically. 
     Another study could investigate the difference between mattress types, including traditional 
metal spring, hybrid and increasingly popular foam. This would be useful in determining if the 
springs contribute to the retention or spread of specimens, or if their presence is incidental. It would 
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also be interesting to see the effect of melting foam on the destruction of remains – as it may either 
hinder or accentuate tissue destruction and skeletal exposure, depending on the materials. 
    Other studies could investigate the difference between bed frame types, such as traditional beds, 
bunk beds, cribs, and futons; or the presence of multiple individuals in a single bed.  
 
Safety and Forensic Implications 
     With this new information regarding the advanced destruction and dispersal of remains on 
mattresses, it is important to revisit the cultural and safety implications of this research.  The 
presence of numerous mattresses in crowded or severely-crowded households would indicate that 
not only would a fire in that environment be exponentially destructive due to the high fuel load, 
but it would also be extremely dangerous for both occupants and rescue personnel.  The increased 
amount of flame, heat, smoke, and toxic vapors produced by multiple bed-sets will significantly 
decrease the likelihood of survival, as well as complicate recovery and investigative efforts.  
     As mentioned in Chapter 2, the forensic myth of the “exploding skull” is a popular subject of 
discussion and investigation.  Unfortunately, the myth was not supported by this research.  The 
cranial elements retrieved from the specimens showed very little fragmentation or fractures.  They 
did appear to have separated at the sutures, providing credence to the theory that expanding cranial 
fluids force the cranial bones to separate, giving the appearance of an explosion. 
 
Conclusion 
     Every fire is different – therefore every fire fatality will vary depending on the unique 
circumstances under which it is found.  Although these research experiments may be limited in 
scope to a single-story bungalow, the observations of how a mattress can aid in the retention or 
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cause the distribution of remains may be potentially useful in future forensic investigations.   For 
instance, a common question asked by investigators is whether or not a person was alive at the 
time of the fire.  Using the information gained in these experiments, investigators may be able to 
extrapolate the individual’s final moments.  For instance, if remains are found on the surface of a 
mattress, it can be assumed they made no efforts to escape and likely died before or as the result 
of the fire.  When encountering remains nearby a mattress, careful recovery and mapping, along 
with knowledge of the pre-fire room arrangement and structural plan will be vital in determining 
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APPENDIX. CROWDED OCCUPANCY HOUSING IN THE US, 2000  
(US Census Bureau, 2018) 
 Total number of  occupied housing units 
Crowded 
(1.01+ per room) 
Severely crowded 
(1.51+ per room) 
United States 105,480,101 6,057,890 (5.7%) 2,873,122 (2.7%) 
Alabama 1,737,080 51,004 (2.9%) 15,904 (0.9%) 
Alaska 221,600 18,970 (8.6%) 8,910 (4.0%) 
Arizona 1,901,327 163,463 (8.6%) 80,337 (4.2%) 
Arkansas 1,042,696 38,081 (3.7%) 11,928 (1.1%) 
California 11,502,870 1,748,352 (15.2%) 1,048,042 (9.1%) 
Colorado 1,658,238 75,587 (4.6%) 35,278 (2.1%) 
Connecticut 1,301,670 35,859 (2.8%) 12,637 (1.0%) 
Delaware 298,736 8,271 (2.8%) 2,856 (1.0% 
District of Columbia 248,338 21,987 (8.9%) 13,247 (5.3%) 
Florida 6,337,929 410,347 (6.5%) 195,053 (3.1%) 
Georgia 3,006,369 145,235 (4.8%) 56,761 (1.9%) 
Hawaii 403,240 62,268 (15.4%) 31,163 (7.7%) 
Idaho 469,645 22,790 (4.9%) 8,178 (1.7%) 
Illinois 4,591,779 222,355 (4.8%) 94,347 (2.1%) 
Indiana 2,336,306 53,891 (2.3%) 16,213 (0.7%) 
Iowa 1,149,276 22,498 (2.0%) 7,632 (0.7%) 
Kansas 1,037,891 31,611 (3.0%) 11,350 (1.1%) 
Kentucky 1,590,647 32,669 (2.1%) 8,269 (0.5%) 
Louisiana 1,656,053 86,426 (5.2%) 29,144 (1.8%) 
Maine 518,200 6,640 (1.3%) 1,537 (0.3%) 
Maryland 1,980,859 71,194 (3.6%) 30,200 (1.5%) 
Massachusetts 2,443,580 69,632 (2.8%) 25,711 (1.1%) 
Michigan 3,785,661 113,994 (3.0%) 38,880 (1.0%) 
Minnesota 1,895,127 55,026 (2.9%) 24,065 (1.3%) 
Mississippi 1,046,434 51,617 (4.9%) 16,198 (1.5%) 
Missouri 2,194,594 53,263 (2.4%) 15,092 (0.7%) 
Montana 358,667 11,242 (3.1%) 3,676 (1.0%) 
Nebraska 666,184 17,963 (2.7%) 7,498 (1.1%) 
Nevada 751,165 64,287 (8.6%) 32,235 (4.3%) 
New Hampshire 474,606 7,615 (1.6%) 1,993 (0.4%) 
New Jersey 3,064,645 153,183 (5.0%) 64,773 (2.1%) 
New Mexico 677,971 50,538 (7.5%) 222,023 (3.2%) 
New York 7,056,860 548,577 (7.8%) 266,844 (3.8%) 
North Carolina 3,132,013 106,759 (3.4%) 37,276 (1.2%) 
North Dakota 257,152 5,216 (2.0%) 1,537 (0.6%) 
Ohio 4,445,773 73,499 (1.7%) 18,994 (0.4%) 
Oklahoma 1,342,293 49,426 (3.7%) 16,742 (1.2%) 
Oregon 1,333,723 64,609 (4.8%) 28,459 (2.1%) 
Pennsylvania 4,777,003 91,145 (1.9%) 30,518 (0.6%) 
Rhode Island 408,424 11,656 (2.9%) 3,844 (0.9%) 
South Carolina 1,533,854 49,338 (3.2%) 14,830 (1.0%) 
South Dakota 290,245 8,825 (3.0%) 3,195 (1.1%) 
Tennessee 2,232,905 61,044 (2.7%) 18,830 (0.8%) 
Texas 7,393,354 697,513 (9.4%) 335,719 (4.5%) 
Utah 701,281 42,098 (6.0%) 15,912 (2.3%) 
Vermont 240,634 3,460 (1.4%) 873 (0.4%) 
Virginia 2,699,173 86,456 (3.2%) 34,137 (1.3%) 
Washington 2,271,398 115,429 (5.1%) 53,682 (2.4%) 
West Virginia 736,481 9,743 (1.3%) 1,926 (0.3%) 
Wisconsin 2,084,544 50,073 (2.4%) 17,020 (0.8%) 
Wyoming 193, 608 5,216 (2.7%) 1,654 (0.9%) 
 
